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SUMMARY 
In modern economies, various activities including agriculture, industry and 
transportation, produce a large amount of v\/astes and new types of pollutants. Soil, 
air and water have traditionally been used as sites for the disposal of all these 
wastes. The most common kinds of wastes can be classified into four groups such 
as: (a) agricultural, (b) industrial, (c) municipal, and (d) nuclear. Agricultural wastes 
include a wide range of organic materials (often containing pesticides), animal 
wastes and timber by-products. Many of these, such as plant residues and livestock 
manure, are very beneficial if they are returned to soil. However, improper 
handling and disposal may cause pollution. 
Numerous organic and inorganic chemicals are being used as fertilizers, 
pesticides and plant growth regulators for the healthy crop production. During the 
last decade, man has utilized sewage sludge as a source of fertilizer. Although 
sludge may be important as a renewable resource a concern has been generated 
over the possibility of toxic substances (e.g. Cd, Cr, Co, Pb and Ni) entering the food 
chain or moving into ground water systems. 
The application of sludge, fertilizer and certain other pesticidal 
formulations, while beneficial in several ways, has aroused concern from the stand 
point of their accumulation in soils with possible toxic effects on the soil 
microorganisms as well as pollution of soil and water. However, the use of 
pesticides in crop disease control has vastly increased in India. One of the serious 
deficiencies in the successful and wide-spread use of pesticides has a non 
developed application of proper doses in the different types of clay mineral 
containing soil. 
The effectiveness and mobility of pollutants such as heavy metals, 
pesticides and surfactants in soil depends upon a large number of factors such as 
climatic factors, texture, moisture level, alkalinity, salinity, pH and clay mineral 
composition of the soil. 
Sumymr^ 
The information regarding the fate of pollutants {heavy metals, pesticides 
and surfactants) in altering the soil chemical properties, nutrient status of soil and 
their availability to plants and their movement, persistence in soil under Indian 
climatic conditions are important from practical as well as theoretical point of view. 
Therefore, it is important that the role of all such pollutants be investigated so that 
their undesirable side effects can be detected and minimized. 
In view of this it was considered worthwhile to investigate the, "Interaction 
and mobility of pollutants with crops and soils of Aligarh district". The work 
reported in this thesis has been illustrated in the form of seven chapters as follows: 
1. Mobility of chromium(VI) and molybdenum{VI) through soil static phase by 
thin layer chromatography 
2. Mobility of zinc(ll) and cadmium{ll) on soil layers developed with surfactant 
mediated mobile phase systems 
3. Effect of some anions on the mobility of amino acids in soils by thin layer 
chromatography 
4. The effects of cadmium and zinc interactions on the accumulation and 
tissue distribution of cadmium and zinc in tomato (Lycopersicum 
esculentum) 
5. Study of the effect of molybdenum on growth and nutrients concentration 
of tomato (Lycopersicum esculentum) and black gram (Phaseolus mungo) 
plants 
6. Effect of heavy metals (cadmium & nickel) on the seed germination, growth 
and metals uptake by chilli (Capsicum fruetescens) and sunflower (Heliantus 
annuus) plants 
7. Influence of dimethoate on some available nutrients of fertilized soil, seed 
germination, growth and nutrients uptake by wheat (Triticum aestivum) 
A concise account of the results achieved on the basis of the plan 
mentioned above is summarized in the following chapters: 
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CHAPTER 1 
Mobility of Chromlum(VI) and Molybdenum(VI) Through Soil Static Phase by Thin 
Layer Chromatography 
Adsorption of chronaium(VI) and molybdenunri(VI) was examined through six types 
of soil beds using soil thin layer chromatography. The effects of decomposition of 
soil organic matter by 30% H2O2, cation saturation (K^ Mg^*, Ca^* and NH4 )^, size of 
the soil particles, soil pH, sewage sludge, sample pH and surfactants (cationic, 
nonionic and anionic) were investigated. On the basis of differential migration, 
optimum conditions for the separation of Cr{VI) from Cr(lll) and from Mo(VI) on soil 
thin layer plates were identified. The mobility (or Rp value) of Cr(VI) and Mo(VI) 
through all soils follows the order: Cr(VI) > Mo(VI) > Cr(lll). A statistical analysis of 
the results (p < 0.05 and 0.01 level) revealed, a significant positive correlation 
between Rp values of Cr(VI) and Mg content of soil (r = 0.930) or the base 
saturation (r = 0.831) as well as between Rp value of Mo{VI) and Mg content of soil 
(r = 0.872), sum of bases (r = 0.847) or the base saturation (r = 0.925). Conversely, a 
significant negative correlation between Rp values of Cr(Vi) and soil organic matter 
(r = -0.916) or cation exchange capacity of soil (r = -0.851) was observed. Similarly, 
significant negative correlation between Rp values of Mo(VI) and clay content (r = -
0.928) or cation exchange capacity (r = -0.852) of soil also exists. The Rp values of 
CriVI) and Mo(VI) were found to depend upon the soil parameters such as soil 
organic matter, clay content of soil, cation exchange capacity of soil, cation 
saturation, size of soil particles, soil pH, sewage sludge content as well as the 
sample pH and the nature of surfactant (cationic, anionic or nonionic) in the mobile 
phase. The obtained results have been explained on the basis of adsorption 
behavior of Cr(lll), Cr(VI) and Mo(VI) on soil colloids. 
CHAPTER 2 
Mobility of Zinc (11) and Cadmium (II) on Soil Layers Developed with Surfactant 
Mediated Mobile Phase Systems 
The sorption studies of Zn(ll) and Cd(ll) ions (in term of hRf value) on different 
planar soil static phases have been performed with the aid of thin layer 
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chromatography. The effects of decomposition of soil organic matter, cations 
saturation, soil pH and sewage sludge on the hRf values (or sorption) of Zn(ll) and 
Cd(ll) were investigated. Among these parameters, soil pH was most important 
factor affecting the sorption of Zn(ll) and Cd{ll) ions onto the soil layers. Aqueous 
solutions of cationic (cetyltrimethylammonium bromide, CTAB), nonionic (t-
octylphenoxydecaethoxy ethanol, Triton-100) and anionic (sodium dodecyl 
sulphate, SDS) surfactants at different concentrations (below, near and above their 
critical micelle concentration levels i.e. CMC value) were tested as mobile phase to 
examine their influence on sorption efficiency of 2inc(ll) and cadmium(ll) on soil 
stationary phases. Furthermore, the combined effect of surfactant solutions and 
fertilizers (NH4CI, NaCI, KCI, MgCU and CaCb) on the sorption pattern of Zn(ll) and 
Cd(ll) was also investigated. Fertilizers such as KCI and CaCia in SDS remain insoluble 
whereas MgCIa (l.OM) in SOS was highly viscous and causes difficulty during 
development of soil TLC plates. Addition of CI' fertilizer into aqueous surfactant 
mobile phase led to increase in the hRf value (or decrease in magnitude of 
sorption) of Zn(ll) and Cd(il) ions on soil layers. Amongst mobile phase systems 
examined, l.OM MgCIa in aqueous CTAB (concentration above CMC value) was 
capable to bring about differential migration (or sorption) between Zn(ll) and Cd(ll) 
ions leading to their sharp separation from their mixture. Cadmium(ll) was found to 
migrate faster through soil layer as compared to the mobility of Zinc(il). Thus, Zn(il) 
is strongly retained by soil its surface and Cd(ll) is allowed to pass through this 
static layer of soil. 
CHAPTER 3 
Effect of Some Anions on the Mobility of Amino Acids In Soils by Thin Layer 
Chromatography 
The mobility rate of some cyclic and aliphatic amino acids in terms of Rp values by 
using soil thin layer chromatography shows the following order: glutamic acid > 
histidine > valine > leucine > serine > alanine. After conducting the studies to 
determine the effect of some anions, viz. Mo04^", BAOJ^', CaO*^ ", COa^ ", HCO3", and 
H2PO4" on the mobility of those amino acids, the mobility of the amino acids was 
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found to increase with the increasing concentration of these anions upto a certain 
limit and thereafter the mobility rate declined except in case of glutamic acid which 
shows a fall in its movement throughout the entire range of their application in all 
cases. The results have been explained on the basis of a reaction mechanism 
involved in the interaction of these anionic species with soil colloids any amino 
acids in soil solution. 
CHAPTER 4 
The Effects of Cadmium and Zinc Interactions on the Accumulation and Tissue 
Distribution of Cadmium and Zinc in Tomato {Lycopersicum esculentum) 
Pot experiment was conducted to investigate the effects of cadmium and zinc 
interactions on the accumulation and tissue distribution of cadmium and zinc in 
tomato (Lycopersicum esculentum) plant. The results obtained in this study reveal 
that the application of Cd, Zn and their interaction did not improve plant growth as 
compared to control. The levels of concentrations of Cd and Zn in shoots, roots and 
leaves were determined. The highest concentration of Cd was 135 mg kg'^ d.w. in 
the leaves 57 mg kg"^  d.w. in the shoots, and 210 mg kg'^ d.w. in the roots; Zn 
concentration ranged from 186.0 to 776 mg kg'M.w. in leaves, 126.7 to 700 mg kg^ 
d.w. in shoots, and 320 to 2015 mg kg'^ d.w. in roots of tomato plant. The 
inhibitory effects of soil Zn on Cd accumulation in all organs of tomato plant 
occurred only at toxic levels, but the reduction in Cd accumulation did not improve 
plant growth (no gain of dry shoot and root biomass), suggesting that Zn 
concentration became the dominant factor affecting plant growth. An examination 
of Cd and Zn interactions and their transfer to soil-plant system indicate their 
synergistic effect. Increasing Cd and Zn concentrations in soil results in an increase 
in the accumulation of Cd or Zn in the plant tissues. 
CHAPTER 5 
Study of the Effect of Molybdenum on Growth and Nutrients Concentration of 
Tomato {Lycopersicum esculentum) and Black Gram (Phaseolus mungo) Plants 
A polyhouse experiment was conducted to evaluate the effect of Mo as sodium 
molybdate on growth and nutrients concentration of tomato [Lycopersicum 
Summar-^ 
esculentum) and black gram {Phaseolus mungo) plants. The beneficial effects on 
growth were noticed at lower doses of Mo upto 0.10 and 0.20 ppm in case of 
tomato and black gram plant respectively, thereafter a phytotoxic behaviour was 
observed. The results of plants analysis showed an increase in the concentration of 
nutrients viz: K, Ca, Mg and Cu upto 0.10 ppm in case of tomato plant, thereafter 
they tend to decline on increasing doses of Mo. The concentration of Mn and Fe 
increases and that of Zn decreases throughout the entire concentration (0.05 to 
0.80 ppm) of Mo application. There was no effect of degree of Mo concentration in 
the uptake of Na by tomato plant. However in case of black gram plant the 
concentration of K, Ca, Mg, Cu, Zn, Mn and Fe increases upto 0.20 ppm, after they 
tend to decline on increasing doses of Mo. The Na content was found to increase 
with the increasing concentration of Mo over the entire range (0.05 to 0.80 ppm). 
The results have been explained on the basis of chemical nature of organic ligands 
present in plant xylem sap contents to form complexes, translocation through plant 
sap and nodulation in leguminous plant. 
CHAPTER 6 
Effect of Heavy Metals (Cadmium & Nickel) on the Seed Germination, Growth and 
Metals Uptake by Chilli (Capsicum fruetescens) and Sunflower (Heliantus annuus] 
Plants 
Pot experiments were conducted to evaluate the phytotoxic behavior of Cd^* and 
Ni * on the seed germination, growth, and metals utilization by chilli (Capsicum 
frutescens) and sunflower (Helianthus annuus) plants. The results show the toxicity 
order being, Cd^* > Ni^^ The Cd^* on chilli plant was found be phytotoxic in the 
entire range of 75 to 600 ppm of its application with respect to control. However, 
in the case of Ni on sunflower plant showed a beneficial effect as its lower 
concentration from 75 to 150 ppm and thereafter became phytotoxic at higher 
concentration upto 600 ppm of its entire range studied. The sequence of the plants 
growth and metals utilization revealed the symptoms of beneficial and phytotoxic 
behavior of these heavy metals in soil environment. The results have been 
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explained on the basis of changes in bioactivity and chemical behavior of Cd^* and 
Ni^*ions in soil environment. 
CHAPTER 7 
Influence of Dimethoate on Some Available Nutrients of Fertilized Soil, Seed 
Germination, Growth and Nutrients Uptake by Wheat {Triticum aestivum) 
The effect of dimethoate (0, 0-dimethyl S-methylcarbamoylmethyl phosphorodithioate) 
on available nutrients of fertilized soil, seed germination, growth and nutrients 
uptake by wheat were examined and LSD at 5% calculated. The presence of 
dimethoate in the fertilized soil affects the availability of nutrients, seed 
germination, growth and nutrients uptake by wheat. 
The available nutrients in fertilized soil and their uptake by wheat were 
found to increase significantly at lower doses and smaller duration of application of 
dimethoate. Likewise, the availability of P and their uptake also increases 
significantly upto 5.0 ppm and for 30 days of dimethoate application. An irregular 
pattern was noticed for the availability of Mg at different doses and days of 
dimethoate application in fertilized soil. 
The beneficial effect on seed germination and growth was observed upto 
5.0 ppm and 10.0 ppm of dimethoate respectively, thereafter a phytotoxic 
behaviour was noticed. The results have been explained on the basis of soil 
microbial activity, solubiization effect and chemical doses and duration. 
INTERACTION AND MOBILITY OF POLLUTANTS WITH 
CROPS AND SOILS OF ALIGARH DISTRICT 
.t* 
THESIS 
SUBMITTED FOR THE AWARD OF THE DEGREE OF 
lioctor of $I|Uotfop|)2) 
IN 
APPLIED CHEMISTRY 
BY 
ABDUL MOHEMAN 
UNDER THE SUPERVISION OF 
DR. ALI MOHAMMAD 
DEPARTMENT OF APPLIED CHEMISTRY 
FACULTY OF ENGINEERING & TECHNOLOGY 
ALIGARH MUSLIM UNIVERSITY 
ALIGARH (INDIA) 
2008 
,,«» AMd Cfi 
T7057 
DEPARTMENT OF APPLIED CHEMISTRY 
Z.H. COLLEGE OF ENGINEERING & TECHNOLOGY 
ALIGARH MUSLIM UNIVERSITY, ALIGARH - 202 002 (INDIA) 
«. Q ( ^ ' Q/HoAam>9tu»d 
Ph.D., D.Sc. (F.N.A-Sc.) 
Editor: Chemical & Environmental Research 
• iResi. 
University Fax 
E-mail 
0571-2700920-23 Ext. 3000 
0571-2408196 
(0571)2400528 
motiammadali4u@rediffmail cx)m 
Certtftcate 
i ^ 
Certified tiiat the woric incorporated in this thesis entitled, ''Interaction 
and mobility of pollutants with crops and soils of Aligarh district'' is the 
original contribution of Mr. Abdul Moheman, carried out under my 
supervision, and is suitable for submission for the award of Ph.D. degree 
in Applied Chemistry. 
£^hr. J. 
ALI MOHAMMAD 

^cJi4t04AJi4£dfetnents/ 
m^ o^^uyvU<niUj' o^ CMn^ilin<y and/ sua^ ie&e<iAxJv uio^ Uv the/ ^ on^frv Of 
tAesls/. 
'%kl&' is' nuj/ pAlvlte^ lo exfz/iess/ thanks/ and indeAtness/ io/ nuj/ 
SupeuMso^ ^v. S^ti iTiokanuruui, '^^^AaUman, ^epa/Uinenl op S^ppiled 
''^tkemisitif, % . 9 ^ "^o^^e^ op ^nqineeAiruy &: '%ecAnolo^, s4..1fb.'^U., 
S^ti^/Ji/ /at ' ki/S/ uatuaAle/ guidance/ and constant/ encawuu^^emeni/ al eM^emy 
siafc/, ujJdcA/ ko/s/ enoAt&d me/ to/ oamplele/ this/ tAesls/. 9 anv exliemeli^ ftalepot 
to/ him/ pyi/ sfiendin^ a' tot/ op nis/ fz^ieeious/ tune/ out/ op ncs/ 6us^ scnedute/ to/ 
discuss/ ua/tlous/ picels/ op tAis/ ujunk. lA/uAout/ nis/ kind sufieMtislon tAis/ uuyJi/ 
uxoutd koAf^ teen a/ m/en^ dream/, u deem/ U/ m^y (^ood/ p^^Uune/ to/ naAte/ uui^ked 
unde/i/kis/aMe/and ex^ze/U/guidance/. 
9 am/ also/ tkankpit to/ '~zAai/unan/, ^efza/U^nent/ op '^otamy, ^acutUy 
op '^i^ Science/, s4.'lfb.iX', pyv p/ioiddin^ puUlUies/ to/ conduct/ pol 
exp^eument/. 
9 slnce/ieity tkank/ ^ ^ . r^. S^. A/, rlao/, rleade/i/ and 'Vncka/i^ op 
Vnsluimentation', ^efuitt^nent/ op S^fzfdled/ '~^Aemist/i^, ^ . * ^ '^^xdiefe/ op 
^n^ineeiAAvy and ^ecAnolo^, s4. fTt. LL. , px^ kls/ kelp/ and coop^e/iation Uv 
tke/anoLysis/op mMats/. 
U also/ ud&k to/ put/ miy Urwiense/ ^/uUiiude/ to/ att tkc teacke^s/ and 
lesea/vck/ sckola/vs/ o^ tke/ depaAimeni/ op S^pfitied '~^zAemist/uy vuAo/ encowvaaed 
me/and/p/i<MMded/mO'ta£/support/pxt/tke/cow^zielum/op t^^ 
sAhmad/, '^.%M. (m/kis/ constant/ 
kelp/ duAlncj/ uxnole/ uuyvk. ^kanks/ ate/ also/ extended to/ alt m^mAets/ op non-
teackinf/sia^ op tke/depa/iiment/. 
U can t/ appyid/ to/ miss/ tke/ (yveaA/ kelp/ uukick 9 teoeiAxed pvonv mAf ioA 
colteofues/; ^v. ^^Xlno/ %,aidi/, Seemo/, SkowAal, '^^'ZuAo, s4imas/, ''YiazAut, 
Oudhanshu/, Skummlo/, Sameen/, '^ouzia/, ^?Casklp-udduv, SaAa/and'~yiazia/. 
9 appA£ciale/ tke/ supjiwil and coop-e^iation' op Utakende/v, s4ms/, 
rikaiid, '^Anai&kand Skakid. 
^HBST<5 
9 am/ eUso tAanA^ut to u/^'~^ ^o^ p^uwidlru^ me/ scAola/isAif/ pKxnv 
2007 (muui^tAs/uJii(Ji/put o^/0/ke/iAM^ ^Inanc^^ 
9 <Mue/ tAi&/ acAleAi£ment/ of nu^ ti^ to/ nuj/ tale/ ^^tandpuAeA/ 
*^Caf4/ S^&dut ^fltafee^ uJio/ could/ noi/ &ee/ nuj/ sludif ujJiicA/ (uune/ to/ piucUft^ 
utAen/ ke/ is/ no/ mate/. '^WUu^ ^ad/ (tiess/ klnv to/ ^e<et tAe/ pieaswve/ op tAis/ 
acAie^ternent/op mine/in'^a^uidise/ujJie/te'his/s<uit (^ 
existence/Of me/, as/a/fze/i^on', as/a/docion/, uuvs/ Unfzo&siM^ uMiAout mi^ 
gA£ai/jza/ienis/. '%ke/ KUAOOIV and te<uJUn(^ oAoui/ l^e/, utAicA 9 LnAe^Ued/piom/mi^ 
piiAe^- auaoA^ accompanied' me/ in/ nuj/ ups/ and downs/ and had/ teen a/ constant/ 
sowvce/ op Lnspitaiion' to/ me/. ^ lind/ mi^seip sAxM/ op taotds/ to/ mention/ mi^ 
tAanks/ to/ mi^ toAun^ and/ ca/iin^ motAe/i/. Ske/ UM/S/ atuxoAjS/ &^ miy side/ and 
loietaied/ alt tne/ tanOiums/ of mine/ dimng/ compilation/ op tAis/ utom/. Ske/ kas' 
&een atutui^ a/soiiA<^ op enc<u4/ui^,envent/to/me/. 
^kis/ UUMA vaould koite/ aeen/ ^c/v less/ iMaminatin^ if it/ uxas/ not/ 
suppoded' mj/ nuj/ UMJ^. Ske/ uuis/ atuM^ tke/te/, eAnotionaiJiiy and/ mentality, to/ 
sAa/ve/ mij/ stress/ letaled/ to/ miy w-otk/ uutAout fulin^ to/ encouAo^ consianili^ 
^inisAinf'm^ studies/on/pwniti^&asis/. 
l) uM/sk to/ express/ m^ deepest/ ^/uUitude/ to/ m ^ t'votke'v in louis/, ststet^, 
maie^nat uncle/ and mate/mal/ aunt/ f>z/ tkeit/ eucUastin^ loidn^ support/, i^est/ 
wisAes/, aP^ection/ and encouta^ement/ in/ completing tkis/ wxyvA, 9 vaould UAe/ 
to/ extend m^ toue/ and affection/ to/ imj/ nepkeias/ and nieces/, ikei/t/ innocent/ talA 
and un<umdition/it to\i^ kad teen a/moj^i/f/st/i£s^ luiMe^ 
9 uiisA to/ exptess/ m^ utmost/ tkanks/ to/ '^Jtf. S^ftaA, '~^^iassic/ 
'~vL/imput&i/, fo^ ext^ndin^ kis/exfte/di^^ and kelfiin^ ine/ir^ 
S^ast/ out/ not/ tne/ least/ v wilt neue/i/ fo'tfet/ to/ acAnowiedae/ tAe/ 
conluAutlon/ of tke/ peA&on/ ivAo/ uuis/, is/ and vuilt aluuu^ 6e/ udtk me/ in mu 
kea^ and mind and tkus/ encou/uiaed me/ Uv eAieAu ello/it/ of mine/. 
S^UulWxJiema/rv 
CONTENTS 
List of Abbreviations 
List of Publications 
CHAPTER 1 
General Introduction 
Page No. 
(i) 
(iii) 
1-41 
CHAPTER 2 
Soil Sampling and Analysis 
CHAPTER 3 
Mobility of Chromium(VI) and Molybdenum(VI) Through 
Soil Static Phase by Thin Layer Chromatography 
Introduction 
Experimental 
Results and Discussion 
References 
Tables & Figures 
42-53 
54-76 
CHAPTER 4 77-93 
Mobility of Zinc(ll) and Cadmium(ll) on Soil Layers 
Developed with Surfactant Mediated Mobile Phase Systems 
• Introduction 
• Experimental 
• Results and Discussion 
" References 
• Tables & Figures 
CHAPTER 5 
Effect of Some Anions on the Mobility of Amino Acids 
in Soils by Thin Layer Chromatography 
• Introduction 
• Experimental 
• Results and Discussion 
• References 
• Tables & Figures 
94-102 
CHAPTER 6 
The Effects of Cadmium and Zinc Interactions on the 
Accumulation and Tissue Distribution of Cadmium and 
Zinc In Tomato {Lycopersicum esculentum) 
Introduction 
Experimental 
Results and Discussion 
References 
Tables & Figures 
103-115 
CHAPTER 7 
Study of the Effect of Molybdenum on Growth and 
Nutrients Concentration of Tomato (Lycopersicum 
esculentum) and Black Gram (Phaseolus mungo) Plants 
• Introduction 
" Experimental 
" Results and Discussion 
• References 
• Tables & Figures 
116-128 
CHAPTER 8 129-140 
Effect of Heavy Metals (Cadmium & Nickel) on the Seed 
Germination, Growth and Metals Uptake by Chilli {Capsicum 
fruetescens) and Sunflower {Heliantus annuus) Plants 
Introduction 
Experimental 
Results and Discussion 
References 
Tables & Figures 
CHAPTER 9 
Influence of Dimethoate on Some Available Nutrients of 
Fertilized Soil, Seed Germination, Growth and Nutrients 
Uptake by Wheat (Triticum aestivum) 
• Introduction 
• Experimental 
• Results and Discussion 
• References 
• Tables & Figures 
141-154 
LIST OF ABBREVIATIONS 
% 
ML 
< 
> 
°C 
BSS 
CEC 
CMC 
Cmol 
DMRT 
dSm'^  
DTPA 
EC 
EDTA 
FA 
FAO 
Fig. 
g 
hr 
Kg 
L 
LSD 
LUP 
meq 
mg 
min 
mL 
mm 
mmhos 
NBSS 
Percentage 
Microlitre 
Less than 
Greater than 
Degree centigrade 
British Standard Sieve 
Cation exchange capacity 
Critical micelle concentration 
Centi mol 
Duncan's multiple range tests 
Desi-siemens per meter 
Diethylenetriaminepentaaceticacid 
Electrical conductivity 
Ethylenediaminetetracetic acid 
Fly ash 
Food and Agricultural Organization 
Figure 
Gram 
Hours 
Kilogram 
Litre 
Least Significant Difference 
Land Use Planning 
Milliequivalent 
Miligram 
Minutes 
Millilitre 
Millimeter 
Millimhos 
National Bureau of Soil Survey 
(i) 
ND Not determined 
NH4OAC Ammonium acetate 
nm Nanometer 
pH Potentia hydrogenii 
PI Isoelectric point 
ppm Parts per million 
RF Retardation factor 
SE Standard error 
Sec Second 
Sq. Km. Square kilometer 
Tea Triethanolamine 
TLC Thin layer chromatography 
UP Uttar Pradesh 
USDA United States Department of Agriculture 
v/v Volume/Volume 
w/ V Weight/ Volume 
w/w Weight/Weight 
(ii) 
LIST OF PUBLICATIONS 
[1] study of the effect of molybclenum on growth and nutrients 
concentration of tomato {Lycopersicum esculentum) and blacl< 
gram (Phaseolus mungo) plants. Mohammad, A., Moheman, A. 
Annal. Agrari. Sci. 3 (2005) 22. 
[2] Effect of some anions on the mobility of amino acids in soils by 
thin layer chromatography. Khan, S.U., Moheman, A. Environ. Sci. 
Engg. 47(2005)310. 
[3] Effect on heavy metals (cadmium & nickel) on the seed 
germination, growth and metals uptake by chilli {Capsicum 
frutescenes) and sunflower (Helianthus annuus) plants. Khan, S.U., 
Moheman, A. Poll. Res. 25 (2006) 99. 
[4] Influence of dimethoate on some available nutrients of fertilized 
soil, seed germination, growth and nutrients uptake by wheat 
(Triticum aestivum). Mohammad, A., Moheman, A. Annal. Agrari. 
Sci. 4 (2006) 21. 
[5] Soil layer chromatographic studies of pesticides. Mohammad, A., 
Moheman, A., Seema Acta Universitatis Cibiniensis Seria F Chemio 
(Accepted) 
[6] Studies on ionic surfactants assisted soil: Growth and nutrient 
uptake efficiency of wheat plants. Mohammad, A., Moheman, A., 
Seema Annal. Agrari. Sci. (Accepted) 
[7] Adsorption studies of chromium(VI) and molybdenum(VI) through 
soil static phase by thin layer chromatography. Mohammad, A., 
Moheman, A. Adsorption (Communicated) 
(iii) 
[8] Sorption of zinc(ll) and cadmium(ll) through soil static phase in 
the presence of surfactant mediated mobile phase systems. 
Mohammad, A., Moheman, A. Adso. Sci. Technol. 
(Communicated) 
[9] The effects of cadmium and zinc interactions on the accumulation 
and tissue distribution of cadmium and zinc in tomato 
{Lycopersicum esculentum). Mohammad, A., Moheman, A. J. Plant 
Nutri. (Communicated) 
[10] Soil static planar chromatography of heavy metals with amino 
acids containing mobile phase systems. Mohammad, A., 
Moheman, A., Seema J. Planar Chromatogr. _ Mod. TLC 
(Communicated) 
[11] Studies on nonionic surfactant assisted soil: Growth and nutrient 
uptake efficiency of wheat plants. Mohammad, A., Moheman, A., 
Seema (Under Communication) 
(iv) 
ten 
C^aptz ri 
1.1 SOIL 
A general term describing the organic-rich surface layer that forms naturally on the 
top of most bedrock types as a result of weathering of the parent material, the 
addition of water-borne, air-borne, and anthropogenically introduced extraneous 
material, and the build-up of organic matter through colonization by plants. 
According to the soil science glossary, the term soil is defined as, "the unconsolidated 
mineral or organic material on the immediate surface of the earth that serves as a 
natural medium for the growth of land plants". The five major factors affecting the 
formation of soil are: climate, relief, parent material, vegetation and time. 
1.2 COMPOSITION OF SOIL 
Soil consists of solids, liquids and gases. For growing plants, each phase is essential 
for their life and growth. The solid part constitutes of mineral (non-living or 
inorganic) material and organic (living) matter. Water and air are the liquid and 
gaseous components of the soil. The approximate composition of an ideal surface 
soil is given below: 
Solid 
(-50%) 
Organic 
matter 
(1-5%) 
Humus Sand 
(0.05-2 mm) 
Soil 
Liquid 
(-25%) 
Mineral 
matter 
(-45%) 
Silt 
(0.002-0.05 mm) 
Primary 
mineral 
Gas 
(-25%) 
Clay 
(<0.002 mm) 
Secondary 
mineral 
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The amount of mineral (inorganic) matter in soil remains almost unchanged 
while the organic matter changes with time. The volumes of water and air depending 
on particle size, porosity, humidity and temperature of the soil environment may 
also vary. 
1.3 CLAY MINERALS 
Clay minerals are hydrated aluminium silicates which are the most reactive part of 
the soil due to large surface area and high ion exchange capacity. Various techniques 
have been employed to characterize the individual clay minerals, to study their 
properties, reactivity and the way in which they interact with a whole range of 
adsorbed molecules [1-9]. Some important clay minerals which are commonly found 
in soils are briefly described below. 
1.3.1 Montmorillonite 
Montmorillonite is a 2-to-l clay mineral, which is made up of an octahedral alumina 
sheet sandwiched between two tetrahedral silica sheets (Fig. 1.1) [10]. These layers 
are loosely held up together by oxygen to oxygen and cation to oxygen linkages. 
Exchangeable cations and associated water molecules are attracted between the 
interlayer spaces causing expansion of the crystal lattice in the c-axis, are therefore, 
not fixed and vary from 9.3 A° to 14 A° or even more. The structural formula of the 
montmorillonite is given as (OH)4Si8Al402o.nH20. Montmorillonite exhibits high 
plasticity, cohesion and significant swelling when wet and shows shrinkage on 
drying. Cation exchange capacity of montmorillonite is high and varies from 60 to 
150 meq 100 g^clay [11]. 
1.3.2 Kaollnite 
The structural formula of Kaolinite may be represented as (OH)8Al4Si40io. It is the 
most prominent member of 1-to-l type clay mineral, which is made up of one 
tetrahedral silica sheet combined with one octahedral alumina sheet (Fig. 1.2) [12, 
13]. The tetrahedral and octahedral sheets, in a layer of Kaolinite crystal are held 
together tightly by oxygen atoms that are mutually shared by the silicon and 
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Fig. 1.1 Schematic sketcli of crystal structure of montnnorillonite day niineral 
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aluminium cations in their respective sheets. These layers in turn, are held together 
by hydrogen bonding. In contrast with other silicate groups, Kaolinlte exhibits very 
little plasticity, cohesion, shrinkage and swelling properties. It has restricted surface 
area and limited adsorption capacity for cations. The size of the unit cell is 7.2 A°. 
The cation exchange capacity is low and varies from 5 to 15 meq 100 g'^ clay [11]. 
1.33 lllite 
Like montmorillonite, illite is a 2-to-l non-expanding clay mineral (Fig. 1.2) [14-16], 
but these minerals differ in the sense that a part of the silicon in the silica sheet 
always replaced by aluminium. Another important difference is the presence of 
potassium ions between adjacent crystal units, which bind them together. Due to 
this, the crystal units are fixed in position and are unlike the montmorillonitic 
minerals unable to move. The structural formula is (OH)4Ky(Al4Fe4Mg4Mg6)(Si8-
yAly)02o. The cation exchange capacity of illite varies from 20 to 40 meq 100 g^clay. 
1.3.4 Vermicuiite 
This mineral is similar to that of illite in its structure and has the layers held more 
weakly together by hydrated magnesium rather than tightly together by K ions [17, 
18]. Vermicuiite has poor swelling property. 
1.3.5 Chlorite 
Chlorite is basically iron magnesium silicate associated with some aluminium [19]. In 
a typical chlorite clay crystal, 2-to-l type layers are formed. The crystal unit contains 
two silica tetrahedral sheets and two magnesium dominated trioctahedral sheets, 
[20, 21] giving rise to them a 2-to-l or 2-to-2 type mineral structure. Chlorites do not 
swell when wetted with water and have low cation exchange capacity varying from 
10 to 40 meq 100 g'^clay. 
1.3.6 Amorphous Clay 
Amorphous clay is the mixture of silica and alumina, containing weathered oxides of 
iron, manganese etc. This has not formed from well oriented crystals. The properties 
of amorphous clays are usually uncommon as they posses high positive charge and 
show anion exchange properties depending on the pH of the soil solution. 
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1.4 SOIL COLLOIDS 
The soil colloids are the most active part of the soil and largely determine the 
physical and chemical properties of a soil. Inorganic colloids (clay minerals, hydrous 
oxides) usually make up the bulk of soil colloids. Colloids are particles less than 0.001 
mm in size and the clay fraction includes particles less than 0.002 mm in size. 
Therefore, all clay minerals are not totally colloidal. The organic colloids include 
highly decomposed organic matter generally called humus. Organic colloids are 
chemically reactive and generally have a greater influence on soil properties than 
inorganic colloids. Humus is amorphous and its chemical and physical characteristics 
are not well defined. Both inorganic and organic colloids are intimately mixed with 
other soil solids. Thus, the bulk of the soil solids are essentially inert and the majority 
of the soil's physical and chemical features depend on the presence of soil colloids. 
One of the most important properties of colloids is their ability to adsorb, hold, and 
release ions. Colloids generally have a net negative charge. This negative charge is 
balanced by thousands of cations. Thus, colloids can be viewed as huge anions 
surrounded by swarm of rather loosely held cations. Water molecules are also 
adsorbed to colloid surfaces; they are present as part of the hydrated structure of 
the cations. Anions such as NO3", CI', SO*^ ", and P04 "^ are not held on the surfaces of 
colloids to great extent. Instead, they exist as free anions in the soil solution or fixed 
within chemical compounds. 
1.5 SOIL POLLUTION AND POLLUTANTS 
Soil pollution is defined as the accumulation of persistent toxic compounds, 
chemicals, salts, radioactive materials, or disease causing agents in soils, which have 
adverse effects on plant growth and animal health. The more acceptable definition 
of pollution, given by Hoidgate states as, " Pollution is the introduction by man into 
the environment of substances or energy liable to cause hazards to human health, 
harm to living sources and ecological systems, damage the structures or interference 
with legitimate uses of the environment". Pollutant is a substance present in nature 
in greater than natural abundance due to human activity, which ultimately has a 
detrimental effect on the environment and there from on living organisms and 
mankind. 
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Both organic (those that contain carbon) and inorganic (those that don't) 
contaminants are important in soil [22-36]. The most prominent groups of organic 
contaminants are fuel hydrocarbons, polynuclear aromatic hydrocarbons (PAHs), 
polychlorinated biphenyls (PCBs), chlorinated aromatic compounds, detergents, and 
pesticides. Inorganic species include nitrates, phosphates and heavy metals such as 
cadmium, nickel, chromium, lead, mercury, arsenic; inorganic acids; and 
radionuclides (radioactive substances). Among the sources of these contaminants 
are agricultural runoffs, acidic precipitates, industrial waste materials, and 
radioactive fallout. 
Soil pollution may lead to water pollution if toxic chemicals leach into ground 
water, or if contaminated runoff reaches streams, lakes, or oceans [37-40]. Soil also 
contributes to air pollution by releasing volatile compounds into the atmosphere. 
Nitrogen escapes into environment through ammonia volatilization and 
denitrification. The decomposition of organic materials in soil can release sulfur 
dioxide and other sulfur compounds, causing acid rain. Heavy metals and other 
potentially toxic elements are the most serious soil pollutants in sewage sludge [28, 
37, 38, 41, 42]. 
In addition, chemicals that are not water soluble contaminate plants that 
grow on polluted soils, and they also tend to accumulate increasingly toward the top 
of the food chain. The rapid industrialization of agriculture, expansion of the 
chemical industry, and the need to generate cheap forms of energy has caused the 
continuous release of man-made organic chemicals into natural ecosystems. 
Consequently, the atmosphere, bodies of water, and many soil environments have 
become polluted by a large variety of toxic compounds. Many of these compounds 
at high concentrations or following prolonged exposure have the potential to 
produce adverse effects in humans and other organisms: These include the danger of 
acute toxicity, mutagenesis (genetic changes), carcinogenesis, and teratogenesis 
(birth defects) for humans and other organisms. Some of these man-made toxic 
compounds are also resistant to physical, chemical, or biological degradation and 
thus represent an environmental burden of considerable magnitude. 
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1.6 PHYSICO-CHEMICAL PROPERTIES OF SOIL 
1.6.1 Mechanical Composition 
Mechanical composition or texture means the distribution of particles of various 
sizes such as gravel (>2 mm), sand (0.02 to 2 mm), silt (0.002-0.02 mm) and clay 
(<0.002 mm) in soil. An ideal soil contains equivalent amounts of sand, silt, and clay. 
The particle size distribution in soil influences its water holding capacity and water 
supply to plants. It influences the strength and compressibility of soils. 
1.6.2 Soils pH 
Soils pH gives an indication about the acidity or alkalinity of soil. It is measured in pH 
units and is defined as -log [H*]. It varies from 0 to 14 (pH scale). pH scale is 
logarithmic, meaning each unit has a 10-times increase acidity or basicity. Generally 
very low or high pH of the soil is regarded to be unproductive for plant growth. The 
best growth for the largest variety of plants takes place within a pH range 6.5 to 7.0 
(slightly acidic to neutral). Soils which are higher in acidity or alkalinity levels can 
result in deficiencies or excesses of certain kinds of elements. For instance, higher 
alkalinity can make elements such as Fe, Mn, Zn, Cu, and Co less soluble and may be 
removed as precipitate. Thus, these elements become less available for plant 
absorption. Deficiencies of these elements can cause in their stunt growth. Higher 
acidity may damage hair like roots and reduce nutrients absorption capacity from 
soil. 
The pH of a soil can also affect the activities of soil microorganisms, which are 
responsible for the maintenance of nitrogen, phosphorus and sulfur levels in the soil. 
Most microorganisms prefer to survive in the neutral range 6.5 to 7.0. Below and 
above this pH range, the activities of microorganisms get decreased probably as a 
result of decrease in their numbers. 
1.6.3 Electrical Conductivity 
It gives an idea about the total soluble salt contents in soil. Soil salinity scale based 
on electrical conductance of the soil extract. Soil salinity is due to the presence of 
NaCI and NaiSOA as soluble salts in soil. For saline soil the salt level is more than 0.3% 
or EC > 4.0 mmhos cm"^. 
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1.6.4 Organic Matter 
Soil organic matter (SOM) is heterogeneous comprising of amino, aliphatic and 
phenolic acids, but particularly humic substances [43, 44]. Well decomposed, dark 
brown amorphous organic matter is called humus. It posses high cation exchange 
capacity and varies from 300 to 350 meq 100 g"^  soil. The amount of organic matter 
affects in the enhancement of soil fertility and water holding capacity [43,44]. 
Humus may be divided into following main groups that includes, 
• Humic acids: Soluble in alkali, but insoluble in acids. 
• Fulvic acids: Soluble in both alkali and acids. 
• Humin: Insoluble in both alkali and acids. 
1.6.5 Exchangeable Cations 
The most prevalent exchangeable cations, present in soil are Al^*, Ca^*, Mg^*, K^ Na\ 
N H / and H* ions. Cations are held on the exchangeable sites of soil minerals with 
different adsorption strength. Furthermore, soil minerals also found to adsorb other 
cations such as iron, manganese, zinc and copper etc. by the process of ion 
exchange. 
Cation adsorption is a function of the nature and extent of clay minerals, 
exchangeable cations, soil pH etc. Hence clay and clay soil contain a greater amount 
of total exchangeable cations than sand or sandy loam soil. 
1.6.6 Cation Exchange Capacity (CEC) 
Cation exchange capacity (CEC) is a useful indicator of soil fertility. The CEC of a soil 
refers to the amount of positively charged ions a soil can hold. The concentrations of 
cations are expressed in meq 100 g"^  or (cmol {+) kg"^ ) soil. The cation exchange 
capacity of the soil varies from the nature and extent of clay minerals and soil 
organic matter contents. The CEC varies with the extent and nature of clay content in 
soil [45]. Soil rich in montmorillonite clay has high CEC, while those having kaolinite 
as the predominant clay minerals, have low exchange capacity. 
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1.7 SOIL MICROORGANISMS AND THEIR ACTIVITIES 
Microorganisms play a unique role in tlie soil ecosystem, because of their 
contribution to soil fertility. Microorganisms are biologically classified as microflora 
(bacteria, actinomycetes, fungi and algae) and microfauna (protozoa and 
nematodes). They are considered to be present In soil surface or in top few inches of 
the soil. It has been found that one gram soil may contain about 1 to 100 million 
microorganisms, forming a very small fraction (<1%) of soil mass [19, 46]. The 
microbial population and their activities depend on a number of factors such as 
moisture level, soil temperature, aeration, soil type and soil pH etc. Among these soil 
temperature is the key factor that controls the population and activities of soil 
microbes. At low temperature, the number as well as activity of soil microorganisms 
decreases. Most of the soil microorganisms are mesophiles and grow well in the 
temperature range 15 to 45°C. However, the optimum temperature for the survival 
of microorganisms in most cases has been found to be 37°C. Changes in microbial 
activity and population are often observed after addition of organic or inorganic 
fertilizers in soil [47-50]. Toxic effects of heavy metals on soil microorganisms have 
been extensively studied in recent past [51- 54]. 
1.8 GENERAL DESCRIPTION OF ALIGARH SOILS 
Aligarh district in Uttar Pradesh spreads over an area of 3700 sq.Km. The district lies 
on the plains of river Ganges and Yamuna within parallels 27°29' and 28°11' north 
latitude and 72°29' and 78°28' east latitude. Its alluvial deposits have a gentle slope 
from northwest to southeast. There are several natural depressions apart from those 
formed by the rivers, valleys and drainage lines. Topographically the district presents 
a trough-like appearance with high Ganga and Yamuna banks at both extreme rims. 
The summer months April to June are very hot and dry, with temperatures reaching 
as high as 40'°C. The winter months October to February are cool with temperature 
falling as low as 2 to 3°C. Rainfall is scanty. The soils of Aligarh district are alluvial 
with little leaching. A considerable part of its land has been affected by sodic 
saliniiation and is known as 'Usar' meaning infertile. The permeability of these soils 
is low due to an underlying bed of hard 'Kankar'. Some of the lands are so barren 
that the average production of the district is low. According to a survey carried out 
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by the department of Agriculture, U.P. [55], six principal soil types have been 
recognized in the district, viz., Ganga Khadir (type I), Eastern uplands (type II), 
Central lowlands (type III), Western uplands (type IV), Yamuna Khadir (type V) and 
Trans-Yamuna Khadir (type VI) (Fig. 1.3). 
The soils of Aligarh district have also been classified as "Hirapur Series" by 
National Bureau of Soil Survey and Land Use Planning [56]. This series is distributed 
extensively in Aligarh and adjoining district of Uttar Pradesh. 
11 
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1.9 HEAVY METALS 
Heavy metals (defined as metal with density above 5 g cm'^) are the most toxic 
inorganic pollutants. They enter the soil through various sources such as industrial 
and mining processes, agricultural activities, atmospheric deposition, sewage sludge, 
and waste water. Several heavy metals at low concentration are essential 
micronutrients for the growth and life of plant, animal and soil microbes. However, 
some of them are toxic even if their concentration is very low and their toxicity 
increases with accumulation in water and soils. Once enter into the soil, heavy 
metals remain for long duration if not leached out. 
Soil contaminated by heavy metals from agricultural and industrial wastes 
may pose a threat to human health if the toxic heavy metals enter the food chain. 
The utilization of sewage sludge as a source of fertilizers containing some of the 
major and micronutrients along with toxic heavy metals to agricultural land have 
been reported by many workers [53, 57-63]. The toxic effects of heavy metals on 
plants and soil microorganisms have also been extensively investigated [52, 54, 55, 
64-71]. 
The effectiveness of heavy metals such as Cd, Cr, Cu, Fe, Mn, Mo, Ni and Zn in 
soil is governed by the nature and the magnitude of clay minerals, organic matter 
content, pH, water content, temperature of the soil and properties of the particular 
metal ion [72-78]. The addition of heavy metals and their interaction with essential 
elements in soil changes the availability of essential elements to plant growth as well 
as soil microbial activities which are responsible for the maintenance of soil fertility 
[78-87]. 
1.10 PESTICIDES 
Pesticides are the major cause of pollution in the environment (soil, water and air) 
that are extensively used to control, destroy, repel or attract a pest [88, 89]. Pests 
can be animals (insects, mice or deer), unwanted plants (weeds), or microorganisms 
(Plant and human diseases). The general definition of pesticide is, "any substance or 
mixture of substances intended for preventing, destroying, repelling, or migrating 
any pest". On the basis of chemical nature pesticides are classified into two broad 
categories: as inorganic pesticides and organic pesticides. 
1^ 
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1.10.1 Inorganic Pesticides 
Before the introduction of modern pesticides, tiie inorganic pesticides were 
extensively utilized for plant protection. The major disadvantage of inorganic 
pesticides is their toxicity to man and other warm blooded animal. Some examples of 
inorganic pesticides are arsenic compounds such as paris green ((CH3COO)2Cu 
3Cu(As02)2], basic copper arsenate [Cu(CuO. HASO4)], mercury compounds such as 
mercuric chloride (HgCia), boron compounds such as borax (Na2B407), and fluorine 
compounds such as calcium fluorosilicate (CaSiFe. 2H2O). 
1.10.2 Organic Pesticides 
Presently more than thousands of organic compounds have been synthesized and 
tested for pesticidal properties. Organic pesticides may be classified as: 
1.10.2.1 Organochlorines 
Among the various organochlorine pesticides, the best commonly known is 
dichlorodiphenyltrichloroethane (DDT). It was discovered in 1939 by "Paul Muller". It 
is used for its broad spectrum of activity but its persistence and accumulation in the 
body of mammals is still a matter of concern [90, 91]. The DDT primarily affects the 
central nervous system of animals. The other organochlorine pesticides are aldrin, 
endosulfan, 1, 2, 3, 4, 5, 6-hexachlorocyclohexane (BHC) etc. They all have common 
chemical stability, low solubility in water, moderate solubility in organic solvents and 
low vapor pressure. The stability and solubility of these pesticides suggest that they 
are highly persistent and may lead to the long term contamination in the 
environment [92]. 
1.10.2.2 Organophosphorus 
Organophosphorus pesticides (dimethoate, metasystox, chloropyrifos, dichlorovos, 
phorate etc.) have a wide range of toxicity, but they are usually non-persistent and 
hence poses less harmful to the environment compared to organochlorine [93, 94]. 
1.10.2.3 Carbamates 
Carbamates are generally less persistent and their mode of action is basically similar 
to that of organophosphorus pesticides. The examples of carbamate pesticides are 
malathion, parathion, aldicarb, carbofuran, carbaryl etc. 
I d 
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1.10.2.4 Carboxylic Acid and Its Derivatives 
They are considered as a potent source of environmental hazards, especially when 
their degradation products remain active in the environment after desired purpose is 
over. These includes 2,4,5-trichlorophenoxy acetic acid {2,4,5-T), 2,4-
dichlorophenoxy acetic acid (2,4-D), silvex, paraquat, and diquat. They are used as 
herbicides both on agriculture lands and in eradicating weeds in non-productive 
areas such as roadsides and electric transmission lines. 
1.10.2.5 Pyrethroids 
The first synthetic pyrethroid appeared in 1973 and many new pyrethroids were 
synthesized during 1973-1977. These compounds exhibit high contact activity, 
effectiveness at very low doses, rapid action and degradation to innocuous residues. 
Examples of pyrethroids are cypermethrin, permethrin, decamethrin, fenvalerate 
etc. 
1.10.2.6 Triazines 
The triazines (derived from urea) such as atrazine and simazine are used in large 
quantities as a pre-emergent herbicide in cornfield. There is considerable persistence 
of the resulting products. In aerobic aqueous systems, including moist substitution of 
a hydroxyl group for the chlorine atom precedes ring cleavage and complete 
degradation. 
1.10.2.7 Phenylureas 
These are the derivatives of phenylurea e.g., diuron, metaxuron, isoproturon and 
fenuron. They are widely used for the control of different weed species in cereal and 
carrot. Some phenylureas are used to control woody plants and perennial plants. 
1.10.2.8 Neem Products 
The limonoids present in neem tree and its products have made it useful insecticide, 
bactericide, fungicide etc. Neem crudes such as Kernell crush and oil which are the 
potential sources of bio-active action can be formulated as ready-to- use dust and 
water dispersible powder and emulsifiable concentrate respectively. 
Pesticides once enter into the soil; they tend to decompose biologically, if 
present in excess. However, some of the pesticides are not completely decomposed. 
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and on repeated application may accumulate in the soil thereby making the soil 
hazardous for some of the microorganism presents in soil [95-98]. The effectiveness, 
adsorption and degradation of pesticides in soil depend upon a large number of 
factors such as climatic factors, textures, moisture level, alkalinity, salinity, pH, 
organic matter contents and clay minerals composition of soil [99-101]. Numerous 
studies [94, 102-108] have shown that the application of pesticide in soil alter the 
microbial activities, nutrients status of soil and growth of plants. 
in the present study, 0, 0-dimethyl S-methylcarbamoylmethyl 
phosphorodithioate commonly known as dimethoate has been selected for 
examining its interaction with soil and plants. It is assumed that this interaction 
study could be useful in relation to plant growth because pesticide may increase or 
decrease the supply of some nutrients in plants. 
1.11 SURFACTANTS 
Surfactants are organic compounds that usually consist of a hydrophobic part and a 
hydrophilic part. Surfactants are used for soil washing or flushing due to their ability 
to mobilize contaminants. They can be produced chemically (synthetic surfactants) 
and biologically (biosurfactants). The most common hydrophobic part of synthetic 
surfactants are paraffins, olefins, alkylbenzenes, alkylphenols and alcohols; the 
hydrophilic group is usually a sulphatic group, a sulphonic group or a carboxylate 
group (anionic surfactants), a quaternary ammonium group (cationic surfactants), a 
polyoxyethylene, a sucrose or polypeptide (non-ionic surfactants). Depending upon 
the nature of hydrophilic group four types of surfactants can be distinguished: 
anionic, cationic, zwitterionic and non-ionic surfactants. Since surfactants molecules 
are surface active i.e. capable to lower the surface tension of water when dissolve in 
it, these are sometimes called surface active agents or detergents. Owing to the 
presence of non-polar (hydrophobic) and polar (hydrophilic) groups, these 
substances have also been referred to as amphipathic, heteropolar or polar-non 
polar substances. 
Another characteristic of surfactants is the formation of micelles, small 
aggregates of surfactants molecules. At low concentrations in aqueous solutions, 
single molecules are present. Beyond a certain concentration (critical micelle 
if i 
cl^apter 
concentration), the surfactant molecules cluster together, forming aggregates of 20-
200 molecules. The CMC is temperature-dependent and different for every 
surfactant. The CMC is defined as the minimum concentration necessary to initiate 
the micelles formation. The presence of micelles increases the solubility of 
hydrophilic organic compounds. 
The adsorption of surfactant molecules onto soil is dependent on the 
properties of soil and the nature of surfactant [109-112]. Most of the studies 
published on this subject demonstrate that both desorption and mobilization of 
hydrophobic pollutants from soil can be enhanced by the addition of surfactants 
[113-118]. Deitsch and Smith [115], and Yeom et al. [116] concluded the 
enhancement to be caused by micellar solubilisation and faciliated transport. 
1.12 PLANT NUTRIENTS 
Plants require at least sixteen elements for normal growth and survival. These 
elements are divided into two main groups: 
1.12.1 Non-mineral Elements 
The non-mineral elements are carbon (C), hydrogen (H) and oxygen (O). These are 
the most abundant elements in plants that are supplied by air and water. 
1.12.2 Mineral Elements 
The remaining thirteen elements are mineral elements. These are taken up by plants 
only in ionic form from the soil or must be added as fertilizers. 
The mineral elements belong to the following two groups. 
Macronutrients and Micronutrients 
1.12.2.1 Macronutrients 
Macronutrients can be of two types. 
(i) Primary Nutrients 
The primary nutrients are nitrogen (N), phosphorus (P) and potassium (K). These are 
required in large amounts for the growth and survival of plants. 
(ii) Secondary Nutrients 
The secondary nutrients are calcium (Ca), magnesium (Mg) and sulfur (S). These are 
required in smaller amounts than primary nutrients. 
17 
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1.12.2.2 Micronutrients 
Seven elements are generally considered as plant micronutrients; these include 
boron (B), iron (Fe), manganese (Mn), cupper (Cu), zinc (Zn), molybdenum (Mo) and 
chorine (CI). These elements occur in very small amounts in both soils and plants, but 
their role is equally important as macronutrients. Seven additional elements: sodium 
(Na), cobalt (Co), nickel (Ni), vanadium (Va), chromium (Cr), silicon (Si) and titanium 
(Ti) have been considered as essential micronutrients in some plants. The list of 
essential nutrient elements taken up by plants showing symbol, origin and their ionic 
form are given in Table 1.1. 
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Table 1.1 Essential nutrient elements showing element, symbol, origin and primary 
forms used by plants 
Element Symbol Origin Primary forms used 
by plants 
Non-mineral Elements 
Carbon 
Hydrogen 
Oxygen 
Mineral Elements 
Macronutrients 
Nitrogen 
Phosphorus 
Potassium 
Calcium 
Magnesium 
Sulfur 
Micronutrients 
Boron 
Iron 
Manganese 
Copper 
Zinc 
Molybdenum 
Chlorine 
Nickel 
Cobalt 
Sodium 
Chromium 
Silicon 
Titanium 
Vanadium 
C 
H 
0 
N 
P 
K 
Ca 
Mg 
S 
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1.13 FUNCTION OF NUTRIENTS IN PLANTS 
1.13.1 Macronutrients 
1.13.1.1 Nitrogen (N) 
Nitrogen is a key essential element affecting plant growth and crop yields. It is a 
constituent of amino acids, proteins, coenzymes, nucleic acids and chlorophyll. 
Plants normally contain 1 to 5% nitrogen by weight. It is absorbed by plants as 
ammonium (NH/), nitrate (NO3"), and nitrite (NOz) ions. The availability of NO3 
form is dominant in moist, warm, well-aerated soil as reported by Merila and 
Strommer [119]. The poor yield of plants is often due to the deficiency of nitrogen 
(120, 121] that is supplemented by applying nitrogen containing fertilizers such as 
urea, ammonium nitrate, calcium nitrate etc. 
1.13.1.2 Phosphorus (P) 
Phosphorus is a second key essential element. Plants absorb phosphorus primarily in 
the form of H2PO4" or HP04 "^ ions which are predominant in most soils. The H2PO4 
ion is more readily absorbed than the HP04 "^ by most plants. Like nitrogen, 
phosphorus is an essential component of the process of photosynthesis. Phosphorus 
helps in biological energy transfer process [122], which is of great importance for the 
life and growth of plants [123]. Phosphorus deficiency in plants is indicated by 
stunted growth, dark green leaves with a leathery texture and reddishes purple leaf 
tips and margins. The deficiency of phosphorus is compensated by applying 
phosphatic fertilizers such as rock phosphate, bone meal etc. 
1.13.1.3 Potassium (K) 
Potassium is the third largest required essential element for plant growth. The 
function of potassium can be stated as: 
• it is essential for photosynthesis. 
• It activates enzymes to metabolize carbohydrates for the manufacture of 
amino acids and proteins. 
• It increases disease resistance. 
• It regulates opening and closing of stomata's. 
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• It improves firmness, texture, size and color of fruit crops and Increases the 
oil content of oil crops. 
High potassium content in soil also affects the osmotic pressure of the soil 
solution and makes the water less available for plant use. Deficiency of potassium is 
reflected in plants by white spots on the leaf edges, chlorosis and necrosis. 
Potassium deficiency can also occur in young leaves at the top of high yielding and 
fast maturing crops. 
1.13.1.4 Calcium (Ca) 
Calcium is absorbed as Ca^*, and its concentration in plants varies between 0.2 and 
1.0%. Calcium combines with pectin in the plant to form calcium pectate, which is an 
essential constituent of the cell wall [124, 125]. Deficiency of calcium causes 
reduction in Plant growth, but is rare in agricultural soil. Plants must obtain calcium 
from the soil. Sources of calcium are dolomitic lime, gypsum and super phosphate. 
1.13.1.5 Magnesium (Mg) 
Magnesium is absorbed by plants as Mg^*, and its concentration ranges from 0.1 to 
0.4%. Magnesium is a primary constituent of the chlorophyll molecule. It is 
associated with transfer reactions involving phosphate-reactive groups. Magnesium 
is required for maximal activity of almost every phosphorylating enzyme in 
carbohydrate metabolism [126]. Soil minerals, organic material, fertilizers and 
dolomitic limestone are sources of magnesium for plants. 
1.13.1.6 Sulfur (S) 
Sulfur is absorbed by plant roots as the sulfate ion, S04 "^. It is required for synthesis 
of the S-containing amino acids, cystine, cysteine, and methionine, which are 
essential components of protein [127]. It also helps in chlorophyll formation and 
increases the growth of root and seed yield. Sulfur may be supplied to the soil in the 
form of acid rain from the atmosphere. It may be used as fertilizer such as 
ammonium sulfate, calcium sulfate etc. Deficiency of sulfur causes stunted growth, 
delayed maturity, and yellowing of plants. 
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1.13.2 Micronutrients 
1.13.2.1 Boron (B) 
Boron helps in the use of nutrients and regulates the function of other nutrients. 
Boron is essential for seed and fruit development [128]. The sources of boron in soil 
are associated with organic matter and used in the form of borax. Most of the boron 
is absorbed by plants as undissociated H3BO3. It regulates new cell development in 
meristematic tissue, proper pollination, translocation of sugars, starches, N, and P, 
nodule formation in legumes and carbohydrate metabolism in plant [129, 130]. In 
boron-deficient plants the youngest leaves become pale green, losing more color at 
the base than at the tip. 
1.13.2.2 Iron (Fe) 
Iron is important in the activation of many enzyme systems including fumaric, 
hydrogenase, catalase, oxidase and cytochrome in plants. It is also essential for the 
formation of chlorophyll. A deficiency of iron first appears in the young leaves of 
plants thus reducing new growth. Young leaves develop an interveinal chlorosis. In 
severe case, leaves can turn completely white. Sources of Fe are the soil, iron sulfate, 
and iron chelate. An excess amount of Fe is hazardous to plants. 
1.13.2.3 Manganese (Mn) 
Manganese plays an important role for activating many plant enzymes in the 
metabolism of organic acids, nitrogen and phosphorus. It activates the reduction of 
nitrate to ammonia and is involved in photosynthesis. Its deficiency causes 
interveinal chlorosis (dark green veins with yellow discoloration between the veins), 
but its symptoms vary depending on the crop such as grey specks of oats and marsh 
spots of peas. Wheat plant grown in low manganese are often more susceptible to 
root-rot diseases. Soil is a source of manganese. Excessive amount of manganese is 
also harmful to plants. 
1.13.2.4 Copper (Cu) 
Copper plays an important role in plant enzymes and e^nzyme systems. It is required 
in small amounts (5 to 20 ppm) to plant tissue for normal growth of plants. Lack of 
^V*^'^^'* 
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copper causes chlorosis, necrosis, leaf distortion and leaf tip die back. Copper 
deficiency is compensated by adding a small amount of copper fertilizer to the soil or 
foliar application. 
1.13.2.5 Zinc (Zn) 
Zinc is important in plant nutrition and functions in enzymes [131], stability of 
cytoplasmic ribosomes, oxidation processes, and transformation of carbohydrates 
and synthesis of auxin indole acetic acid. The symptoms of zinc deficiency appear 
generally in younger leaves, starting with intervenial chlorosis leading to a reduction 
in short growth and the shortening of internodes. Sources of zinc are zinc oxide, zinc 
sulfate and zinc chelate etc. 
1.13.2.6 Molybdenum (Mo) 
Among the plant nutrients. Mo is needed in the smaller amount. Because of this, the 
range between deficiency and sufficiency is very narrow. Molybdenum deficiency 
often occurs in acidic soils. Its availability varies with soil type, and found in the order 
organic soils > clays > sandy-textured soil. Molybdenum improves nodulation and 
nitrogenous activity in legumes [130]. 
1.13.2.7 Chlorine (CI) 
Chlorine is an essential micronutrient exists as soluble salts such as NaCI, MgCIa and 
CaCl2. It is known to influence photosynthesis, crop maturity, disease control and 
sugar translocation. Chlorosis in younger leaves and over all wilting of the plants is 
the two most common symptoms of CI" deficiency. 
1.14 CHROMATOGRAPHY 
Chromatography is a word used to encompass a range of techniques in which 
mixtures of pure substances are separated into the individual substances using a 
mobile phase (a liquid or gas) to push the mixture along a stationary phase (usually a 
solid or liquid coated on a solid). Because the individual substances have different 
molecular structures, they interact differently with both the stationary and mobile 
phases, and consequently are "pushed" at different rates by the mobile phase. A 
number of chromatographic techniques are summarized in Table 1.2. 
23 
cl^apte ri 
Table 1.2 Types of chromatography 
S.No. Type Examples 
1 Adsorption 
chromatography 
2 Partition 
chromatography 
3 IVlodified partition (or 
bonded phase 
chromatography) 
4 Ion-exchange 
chromatography 
5 Exclusion 
chromatography 
Column chromatography, thin layer 
chromatography, gas-solid chromatography 
Paper chromatography, reversed-phase thin 
layer chromatography, classical liquid-liquid 
chromatography 
High-performance liquid chromatography 
(HPLC) and high-performance (HP) TLC 
Cation and anion exchange chromatography 
Ion-exclusion and gel permeation 
chromatography, molecule or sieve 
chromatography 
6 Electrochromatography Capillary and zone electrophoresis 
Thin layer chromatography (TLC) is a simple and inexpensive technique that is 
often used to judge the purity of a synthesized compound or to indicate the extent 
of progress of a chemical reaction. In this technique, a small quantity of a solution of 
the mixture to be analyzed is deposited as a small spot on a TLC plate, which consists 
of a thin layer of soil, silica gel or alumina coated on a glass plate or plastic sheet. 
The plate constitutes the stationary phase. The plate is then placed in a chamber 
containing a small amount of solvent, which is the mobile phase. The solvent 
gradually moves up the plate via capillary action, and it carries the deposited 
substances along with it at different rates. The components of the deposited mixture 
appear as spots at different locations up the plate. Substances can be identified from 
their RF values. The RF value for a substance is the ratio of the distance that the 
substance travels to the distance that the solvent travels up the plate. The factors 
which influence the magnitude of Rp are nature of sorbent and mobile phases, layer 
thickness, activation temperature, sample value, chamber saturation, relative 
humidity and mode of development technique. 
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1.14.1 Process of TLC 
The complete process of TLC is summarized in Fig. 1.4. 
Sample preparation 
i 
Sample application 
; 
Plate development 
i 
Drying of TLC plate 
i 
Spot detection 
i 
Component removal (Optional) 
i 
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Documentation 
Fig.1.4 The process of thin layer chromatography 
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1.14.2 Soil Thin Layer Chromatograpliy 
Soil TLC is an adsorption chromatography, where the adsorbent is a thin layer of soil 
deposited on a glass plate. The soil components provide static phase, where 
adsorption and desorption takes place very rapidly and reversibly. Soil TLC was first 
successfully utilized in 1968 by Helling and Turner [132] for monitoring the mobility 
of pesticides using different types of soil static phases. Later this technique was used 
by several workers [133-149] to investigate the adsorption and mobility of heavy 
metal ions, pesticides and amino acids. The movement of substances or their 
separation in soil TLC can be affected by altering the conditions of the soil (static 
phase) of diverse nature, solvent (developer) and applied substances. Thus, soil TLC 
provides a very fascinating field of research which can be utilized for investigating 
soil pollutants. 
1.14.3 Literature 
The work published on soil thin layer chromatography of metal ions and amino acids 
during 1977-2007 has been presented briefly in Tablel.3. 
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chapter 
THE PROBLEM 
The rapid industrialization of agriculture and expansion of chemical industry aroused 
a serious concern over the soil pollution. In modern agrotechnology, huge quantities 
of chemical fertilizers, fly ash, pesticides, and industrial and sewage wastes are 
employed to increase the crop yield. But, excessive use of these materials has 
resulted in a decrease in the quality and quantity of crops due to imbalance in the 
soil and also may pose a threat to human health if the toxic chemicals enter the food 
chain. In order to device method for minimizing the content of pollutant into food, 
information is needed about the behavior of these pollutants with soil component 
and their effect on the availability of essential elements to plants growth as well as 
uptake by them. Therefore, the problem of the thesis which deals with the 
interaction and mobility of pollutants with crops and soils was undertaken and the 
whole work has been divided into nine chapters: 
Chapter 1 Covers a brief account of present and past literature in related 
fieldsof soil research. 
Chapter 2 Describes the methods of soil sampling and analysis. 
Chapter 3 Mobility of chromium(VI) and molybdenum(VI) through soil 
static phase by thin layer chromatography. 
Chapter 4 Mobility of zinc(ll) and cadmium{ll) on soil layers developed 
with surfactant mediated mobile phase systems. 
Chapter 5 : Effect of some anions on the mobility of amino acids in soils by 
thin layer chromatography. 
Chapters The effects of cadmium and zinc interactions on the 
accumulation and tissue distribution of cadmium and zinc in 
tomato (Lycopersicum esculentum). 
Chapter 7 Study of the effect of molybdenum on growth and nutrients 
concentration of tomato {Lycopersicum esculentum) and black 
gram (phaseolus mungo) plants. 
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Chapters : Effect of heavy metals (cadmium & nickel) on the seed 
germination, growth and metals uptake by chilli (Capsicum 
frutescens) and sunflower (Helianthus annuus) plants. 
Chapters Influence of dimethoate on some available nutrients of 
fertilized soil, seed germination, growth and nutrients uptake 
by wheat (Triticum aestivum). 
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2.1 SOIL SAMPLE COLLEaiON 
Soil sampling is useful farm management tool. According to an axiom, test results 
can be no better than the sample collected in the field. Proper collection of soil 
sampling is extremely important. Improper sample can result in erroneous 
recommendations. For the collection of soil sample, the importance of taking 
representative composite soil sample was kept in mind and variations in soil color, 
texture, slope, fertilization or cropping practice all were adequately considered. 
During sampling, the grass and other plant residues were removed from surface of 
the soil. The soil (0~30 cm depth) from 10-15 well described spots in fields were 
collected by using shovel or auger and stored in a bucket, broken the lumps, 
removed the stones and mixed well and placed this composite soil sample in the soil 
sample bag. The different soil samples were collected from different places of 
Aligarh district. Soil sample Si was collected from the field in the neighborhood of 
Sankra bus stand about two furlong from the river bank, S2 was collected from the 
botanical garden Aligarh Muslim University Fort, S3 from Jattari town in Khair tehsil, 
S4 from the field of Malhepur village, situated on the Aligarh-Ramghat Road, S5 from 
Talaspur village in koil tehsil and Sewas collected from Narwari village in khair tehsil. 
2.2 DETERMINATION OF PHYSICO-CHEMICAL PROPERTIES OF SOIL 
The Physico-chemical properties of soil were determined as follows: 
2.2.1 Determination of Mechanical Composition 
The Mechanical Compositions of soil sample were determined by international 
pipette method [1]. 
Apparatus and Reagents Required 
7,200 mesh sieves (BSS), graduated boiling tube (500 ml), constant temperature 
water bath, pipette, petridish, electronic balance, 30% hydrogen peroxide, 0.2 N 
hydrochloric acid, sodium oxalate solution (8 g L"^ ). 
Procedure 
A 10 g of soil sample previously passed through 7 mesh sieve (BSS) was dispersed in 
water after treatment with 30% H2O2 to remove any organic matter and 0.2 N HCI 
and 50 mL sodium oxalate (8 g L"^ ) as dispersing agent. The percentage of sand was 
42 
calculated from the weight of residues left behind on 200 mesh sieve (BSS). The 
suspension was then diluted to 500 mL and transferred to a graduated boiling tube, 
which was immersed in a constant temperature water bath at 25 ± 1°C throughout 
the coarse of pipetting. A 10 mL sample was pipetted out carefully in a petridish at 
specified intervals (4 min 15 sec and 7 hr 5 min) of time from a depth of 10 cm. it 
was dried and weighed. The percentage of clay was calculated from the weight of 
residues. The percentage of silt was calculated by subtracting the sum of percentage 
of all the fractions (sand plus clay) from 100. 
2.2.2 Determination of Soil pH 
The pH was recorded with Elico pH meter (model LI 120) with glass and saturated 
calomel electrodes assembly. A 1:2, soil : water ratio suspension was used for 
measuring the pH of the soil. 
2.2.3 Determination of Electrical Conductivity (EC) 
The electrical conductivity was measured at 30 ± 1°C with the help of Philips 
Conductivity Bridge and dip type cell. A 1:2, soil: water ratio suspension was used to 
measure the electrical conductivity. 
2.2.4 Determination of Organic iVIatter 
The organic matter of the soil was estimated by using Walkley and Black [2] method. 
Reagents Required 
Aqueous solution of 1 N potassium dichromate, cone, sulfuric acid, orthophosphoric 
acid (85%), 1% alcoholic solution of diphenylamine indicator, aqueous solution of 
N/2 ferrous ammonium sulfate. 
Procedure 
A 2 g of soil sample was taken in 500 mL conical flask. A 10 mL of 1 N potassium 
dichromate solution and 20 mL of concentrated sulfuric acid were added to it. The 
flask was shaken vigorously several times, allowed to stand for 30 min and thereafter 
a 200 mL of distilled water; 10 mL of orthophosphoric acid and 1 mL of 
diphenylamine indicator were added to it. The excess of unreacted potassium 
dichromate was titrated against standard N/2 ferrous ammonium sulfate solution till 
the violet color changed to purple and finally to green. Reagent blank determination 
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was also carried out in the same way. From the volume of ferrous ammonium sulfate 
solution used, organic carbon was calculated by using the expression: 
(Blank titre - Actual titre) x 0.003 x N x 100 
Organic carbon (%) = 
Weight of dry soil in g 
Where, 
N is the normality of ferrous ammonium sulfate solution. 
The value of organic carbon was converted to organic matter by multiplying 
with the factor 1.724. 
2.2.5 Determination of Cation Exchange Capacity (CEC) 
The cation exchange capacity of the soil was determined by the method of 
Jackson [3]. 
Reagents Required 
0.05 N hydrochloric acid, 1 N sodium acetate solution (pH 5), 1 N calcium chloride 
solution, EDTA solution, 1% alcoholic solution of eriochrome black "T", buffer 
solution of pH 10, 2% aqueous solution of sodium cyanide. 
Procedure 
A 5 g soil sample was taken in a 100 mL conical flask. The soluble salts were washed 
out by treating the soil with 0.05 N HCI and finally with distilled water. It was further 
treated with 1 N sodium acetate of pH 5 for 30 min with intermittent stirring. This 
acidified sample was given five washings with 1N standard calcium chloride solution. 
The excess salts were removed by washing with 80% aqueous acetone solution until 
the excess CaCl2 was removed as indicated by a negative AgNOa test for chloride ion 
on the final washing. Finally the calcium ions were exchanged from Ca-soils by 
means of exchanging it with a neutral 1 N sodium acetate solution. The washing 
were collected and utilized in the determination of replaced Ca *^ from exchangeable 
sites and titrating it with a standard EDTA solution, using 10 mL of buffer solution 
(NH4CI-NH4OH) of pH 10 and eriochrome black "T" indicator in the presence of 1 mL 
of 2% NaCN solution as masking agent for interfering ions. A reagent blank was also 
run simultaneously to avoid any error due to impurities. The blank reading was 
subtracted from the reading of calcium determination. From the volume of the EDTA 
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solution used, the value of cation exchange capacity was calculated by using the 
following expression: 
,1 _,„ VxNxlOO Cation exchange capacity (meq 100 g' soil) = 
Weight of soil in g 
Where, 
V is the volume of EDTA and N is the normality of EDTA solution used. 
2.2.6 Determination of Exchangeable Cations 
The exchangeable cations of soil were determined by method of Jackson [3]. 
Reagents Required 
1 N aqueous solution of ammonium acetate, 6 N nitric acid, 30% H2O2, 6 N 
hydrochloric acid, buffer solution (pH 10), eriochrome black "T", mureoxide 
indicator, 10% potassium hydroxide, EDTA solution, standard solution of Na and K. 
Procedure 
A 50 g soil sample was taken into 250 mL conical flask and then 100 mL 1 N NH4OAC 
solutions was added to it. The contents of the flask were shaken for 20 min and 
allowed to stand overnight. The soil contents were then transferred into a buckner 
funnel, in which moist Whatman filter paper (No. 42) was seated by using a gentle 
pressure. The soil was leached with an additional 400 mL NH4OAC. The filtrate 
containing NH4OAC extract of soil was evaporated to dryness on a steam plate. The 
dark color residue, containing organic matter was treated with 2 mL of 30% H2O2 and 
2 mL of 6 N HNO3, and heated to dryness on a steam plate. The dried organic matter 
free residue was then dissolved in 10 mL of 6 N HCI and diluted with distilled water. 
It was filtered through Whatman filter paper (No. 42) and the volume was made 
upto 100 mL. This solution was used for the determination of exchangeable ISIa*, K*, 
Mg^\ and Ca *^ in soil. Exchangeable calcium plus magnesium was estimated in the 
10 mL of above solution by EDTA titration, using a half test tube of buffer solution 
(pH 10) and 4-5 drops of eriochrome black "T" indicator. Calcium was also estimated 
separately using mureoxide indicator with 10% KOH as recommended by Jackson [3]. 
The volume of EDTA solution for magnesium was calculated by subtracting the 
volume for calcium from the volume of calcium plus magnesium used. The 
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exchangeable sodium and potassium were estimated in the above solution using 
"Systronics" flame photometer. Standard curves (Fig. 2.1) of sodium and potassium 
were used for calculating the amounts of Na and K in the above soil solution. 
2.2.7 Base Saturation (%) 
It is defined as the percentage of total CEC occupied by basic cations (Na*, K\ Mg^\ 
and Ca^*). 
, , Totalbasesfmeq lOOg'^soil) 
Base saturation (%) = ^^  : x 100 
^ CEC (meq lOOg-i) 
The availability of Na*, K* Mg * and Ca^*to plants increases with increasing BS (%) 
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2.2.8 Determination of Available Nitrogen 
Available nitrogen was determined by the method of Hesse [4]. 
2.2.8.1 Determination of Ammonium Nitrogen 
Reagents Required 
• 2 M Potassium chloride solution: A 150 g KCI was dissolved in 800 mL distilled 
water and boiled with 10 g magnesium oxide for about 15 min, until any 
ammonia present was expelled. The solution was then cooled and filtered 
before making the volume upto the mark. 
• Magnesium oxide: Magnesium oxide was heated at 650°C for two hr in an 
electric muffle furnace and allowed to cool in a desiccator over solid KOH and 
stored in a tightly stoppered glass bottle. 
" Mixed indicator: Mixed indicator solution was prepared by dissolving 
together a 0.1 bromo cresol green and 0.07 g methyl red in 100 mL of 
ethanol. 
• Boric acid solution: A 20 g of boric acid was dissolved in 900 mL of hot 
distilled water. After cooling the solution, 20 mL mixed indicator solutions 
was added to it. And then a 0.1 M NaOH solution was added drop wise until 
the color is changed to reddish purple. 
• M/70 hydrochloric acid solution. 
Procedure 
A 5 g soil sample was taken in 100 mL glass stopper conical flask. A 50 mL of 2 M KCI 
solution was added in it. The flask was shaken vigorously for an hr and the soluble 
contents were extracted through Whatman filter paper (No. 42). A 10 mL solution 
from extract was taken in distillation flask and diluted with 50 mL distilled water. A 
0.5 g magnesium oxide was added through a long-stemmed funnel into the flask. 
Ammonia was distilled into a solution of 5 mL of boric acid containing mixed 
indicator through a condenser until the final volume of the distillate was reached to 
about 30 mL. The boric acid was then titrated with M/70 HCI by using a micro 
burette until the green color changed to pink. A blank was also run in the same way. 
The available ammonium nitrogen was calculated using the relation: 
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1 mL of M/70 HCI = 0.2 mg of nitrogen. 
2.2.8.2 Determination of Nitrite Nitrogen plus Nitrate Nitrogen 
Reagents Required 
• All the reagents used in the determination of ammonium nitrogen. 
• Devarda alloy: Finally grounded and passed through a 0.15 mm sieve. 
Procedure 
After distillation of ammonium nitrogen, the stopper of the distillation flask was 
removed and a 0.2 g of Devarda alloy and 50 mL of distilled water were added to it. 
The distillation flask was stoppered and then ammonia was distilled in a fresh 
portion of 5 mL boric acid solution until 30 mL distillate was collected and then it was 
titrated with M/70 HCI. The value of nitrite nitrogen plus nitrate nitrogen was 
calculated in the same manner as described in the determination of ammonium 
nitrogen. 
2.2.8.3 Determination of Nitrate Nitrogen 
Reagents Required 
• All the reagents used in the determination of nitrite plus nitrate nitrogen. 
• 2% sulphamic acid solution. 
Procedure 
The experimental procedure was partly the same as described in the determination 
of available ammonium nitrogen. After distillation of ammonia nitrogen the stopper 
of the distillation flask was removed and 1 mL of a 2% aqueous solution of sulphamic 
acid was added to the flask. The distillation flask was swirled for few sec to destroy 
the nitrite and then 0.2 g Devarda alloy and 50 mL distilled water were added in it. It 
was stoppered and ammonia was distilled in a fresh portion of boric acid solution. 
About 30 mL distillate was collected in each case and titrated with M/70 HCI. The 
value of nitrate nitrogen was calculated in same manner as described in the 
determination of ammonium nitrogen. 
2.2.8.4 Determination of Nitrite Nitrogen 
The value of nitrite nitrogen was calculated from the following expression: 
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Nitrite nitrogen = (Nitrite nitrogen + Nitrate nitrogen) -Nitrate nitrogen. 
2.2.9 Determination of Available Phosphorus 
Available phosphorus was determined by the method of Olsen [5] 
Reagents Required 
• 0.5 M sodium bicarbonate solution (pH 8.5). 
• Draco G 60, phosphorus free charcoal. 
• Chloromolybdic acid: (15 g ammonium molybdate + hydrochloric acid + 650 
mL warm distilled water). 
• Stannous chloride solution: (10 g SnCh . 2H2O was dissolved in 25 mL cone. 
HCI, then 0.5 mL of this solution was dilute with 66 mL distilled water). 
• Standard phosphorus solution. 
Procedure 
A 5 g soil sample was taken in a 150 mL conical flask and one teaspoonful of charcoal 
was added to it. The sample was then treated with 100 mL of 0.5 M sodium 
bicarbonate solution. The content of the flask was shaken for 30 min on a 
mechanical shaker and kept over night. It was then filtered through a Whatman filter 
paper (No. 42). 
A 5 mL of the clear soil extract was taken in 25 mL of measuring flask and 5 
mL of chloromolybdic acid solution was added and the contents were thoroughly 
mixed. After shaking, 1 mL of stannous chloride solution was added and the volume 
was made up to 150 mL with distilled water. A blue color was developed. A blank 
was also run in the same way. The absorbance of the solution was recorded after 5 
min with Bausch and Lomb using spectronic '20' at a wave length of 660 nm. The 
concentration of phosphorus was determined by means of the standard curve (Fig. 
2.2) already prepared for this purpose. 
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2.2.10 Determination of Available Metals in Soil 
The available metals present In soil was determined by the method of Tandon [6] 
Apparatus and Reagents 
• Double beam atomic absorption spectrophotometer (GBC-902). 
• DTPA extracting solution: To prepare 1 L DTPA extracting solution, 13.1 mL 
reagent grade TEA, 1.967 g DTPA (AR Grade), 1.47 g of CaCl2 and HCI were 
added in distilled water maintaining the pH of solution to 7.3. 
• Standard solutions of metals (Cd, Cu, Fe, Mn, Mo, Ni and Zn). 
Procedure 
The extraction of metals from the soil was made by taking 10 g of soil with 20 mL of 
DTPA extracting solution for 2 hr with intermittent stirring. The suspension was then 
filtered through Whatman filter paper (No.42).Available Cd, Cu, Fe, Mn, Mo, Ni and 
Zn were determined directly from these extract by using double beam atomic 
absorption spectrophotometer (GBC-902). 
2.2.11 Determination of Extractable Metals in Soil 
1 g of air dried soil was taken in a conical flask and 100 mL of NH4OAC was added. 
The contents were shaken at definite intervals and the flask was kept overnight. The 
contents were filtered and the residue was again mixed with 50 mL of NH4OAC. The 
contents after shaking well were again filtered and the total filtrate was evaporated 
to dryness and later diluted with 10 mL 1 N HNO3. The prepared solution was used 
for the determination of extractable metals by GBC-902 atomic absorption 
spectrophotometer [3]. 
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3.1 INTRODUCTION 
The occurrence of heavy metals in soils may be beneficial or toxic to the 
environment. Generally chromium(VI) and molybdenum(VI) are found in soil at \ow 
concentration level as a result of contamination by agricultural activities, sewage 
sludge, industrial wastes and waste water. Both metals have many physical and 
chemical similarities and belong to the same (group Vl) of the periodic table. These 
metals when apply to soil may pass through soil bed and can react with organic and 
inorganic compounds to form soluble or insoluble compounds or get adsorbed on 
soil colloids [1-3]. Obviously, can not be rule out the possibility of inter conversion of 
their valency states in soil due to oxidation. The availability and effectiveness of 
heavy metals (e.g. chromium and molybdenum) in soils is largely governed by several 
factors such as (a) the nature and level of clay minerals, (b) nature of saturating 
cations, (c) pH, (d) organic matters within soil matrix and other associated organic 
compounds [4, 5]. Unlike molybdenum, the non essentiality of chromium to plants 
has been conclusively demonstrated by Huffman and Allaway [6]. Their results 
showed that if chromium is required for normal plant growth, the required 
concentration in plants tissues ought to be much lower than the levels of any 
unknown essential elements. The distribution and mobility of chromium in soil is 
basically controlled by three important factors, these are oxidation-reduction, 
precipitation-dissolution and sorption-desorption reactions [7]. Chromium(VI) exists 
in solution as hydrochromate, chromate and dichromate ions. In strongly basic or 
neutral solutions, it exists as chromate and in acidic solution hydrochromate 
predominates [8]. The toxicity of chromium varies principally according to its 
oxidation state. Thus hexavalent chromium is more toxic than trivalent chromium [9-
13]. This may be due to the fact that chromium(VI) penetrates mammalian cells more 
readily than chromium(lll) [2]. Chromium{VI) causes skin irritation resulting in ulcer 
formation and chromatities. Over exposure to chromium(VI) leads to liver damage, 
pulmonary congestion and edema [14-16]. Therefore, the presence of chromium(VI) 
in water, soil and waste water has been of great concern. On the other hand, 
molybdenum in soil solution occurs predominately as MOOA^", HM0O4" and H2Mo04°. 
The magnitude of Mo04^ and HM0O4" increases with increasing soil pH [17]. Plants 
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absorb molybdenum as Mo04^'. The most importaTfcLfact?)«>affec11r\g\K*^lybclenum 
availability are soil pH and the amount of Al and Fe oxISenf i tne soil [17, 18]. 
Molybdenum availability varies with soil type in the following decreasing order: 
organic soil > clay soil > sandy textured soil. Excessive amounts of molybdenum are 
toxic, especially to grazing cattle or sheep. Molybdenum toxicity causes stunted 
grov\/th and bone deformation in the animal. 
The use of soil as static phase in the study of separation and adsorption of 
metal ions by thin layer chromatography is simple, rapid and inexpensive. It provides 
an opportunity to examine the uptake and translocation of metal ions through soil 
for further transmission to the plants. Most reported soil thin layer chromatographic 
methods involve the use of mixed organic solvent systems, chemical fertilizers, 
pesticides and anions as mobile phase [19-24]. A few studies have also been 
reported on the use of soil layers mixed with silica gel, alumina, kieselguhr, cellulose 
or fly ash to examine the mobility of metal ions [22-24]. Chemically modified soil 
with pesticides has been utilized to investigate the retention behavior of metal 
cations [25]. Some studies have been conducted to evaluate the mobility of metal 
ions through soil saturated with different cations (H*, Na*, K*, Ca^* and Mg^*) [19, 20, 
25]. 
Literature survey revealed that no work has been reported on the adsorption 
of chromium(VI) and molybdenum(VI) through soil static phase by thin layer 
chromatography. In spite of the fact that the presence of these metal ions in soil 
offers significant influence on the growth of plants. 
In view of above mentioned facts, the present study was undertaken to 
examine the influence of several factors such as decomposition of soil organic 
matter, exchangeable cations, size of soil particles, soil pH, sewage sludge, variation 
of sample pH and the nature of surfactants on the adsorption of chromium(VI) and 
molybdenum{VI) on soil static phase with the aid of thin layer chromatography. The 
mutual separations of Cr(VI) from Cr(lll) and Mo(Vi) were also achieved. 
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3.2 EXPERIMENTAL 
So/7 
Six natural uncultivated soils samples that were collected from the soil surface 
horizon (depth 0-30 cm) at different places of Aligarh district (India). The physico-
chemical properties of the soil such as pH, organic matter, clay, cation exchange 
capacity, exchangeable cations and base saturation were determined by the 
methods as described in chapter 2. 
Apparatus 
A TLC applicator (Toshiniwal, India), glass plates (20 x3.5cm^), glass jars (24 x 6cm^) 
with cover, dropper, 100 mesh sieve (BSS), digital pH meter (Elico, 181E, Hyderabad, 
Andhra Pradesh, India) and mechanical shaker were used. 
Chemicals and Reagents 
Calcium chloride, potassium chloride, ammonium chloride, hydrochloric acid and 
sodium hydroxide (CDH, India); H2O2 30% (Qualigens, India); methanol, ethanol and 
cetyltrimethylammonium bromide (CDH, India); Triton-100 (Loba Chemie, India) and 
sodium dodecyl sulfate (BDH, India) were used. All other reagents were Analytical 
Reagent grade. 
Test Solutions 
Aqueous solutions (0.05 M) of chromium chloride, potassium dichromate and 
sodium molybdate were used for Cr(lll), Cr(VI), and Mo(VI) respectively. 
Detector 
Ethanolic solution of haematoxylene(0.5%) was used for the detection of all cations. 
CHROMATOGRAPHY 
Preparation of soil TLC plates 
for the preparation of soil TLC plates, soil samples were dried, grounded and sieved 
through 100 mesh (BSS) to get uniform particle size (<150m). Soil thin layer plates 
were prepared by mixing soil with double distilled water in a 1:2 ratio. The resultant 
slurry was mechanically shaken for 5 min and then it was spread (20 x 3.5cm^) TLC 
glass plates with the aid of TLC applicator to get uniform layers of 0.5 mm thickness. 
The plates were air dried at room temperature (30 ± 1 °C).Two lines were drawn at 3 
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and 13 cm from the base on all the dried TLC plates. So that a 10 cm distance could 
be used for development of plates. The plates were kept in air tight chamber until 
used. 
Procedure 
About one drop (5 \il) of each metal ion (0.05 M) was spotted at the base line on 
separate TLC plates in a single application with the help of micropipette. The plates 
were then allowed to develop (up to the upper line of the plates) in closed 
chromatographic glass chambers (24 cm long and 6 cm .wide) using distilled water or 
aqueous surfactants as developer by ascending technique. To prevent disintegration 
of soil in contact with developer, wet strips of filter paper about 2.5 cm wide were 
wrapped around the bottom of the plate before the development. The developed 
plates were air dried at 60 °C in an oven. Finally, the positions of Cr(Vl) and Mo(VI) 
on TLC plates were located by spraying 0.5% (w/v) ethanolic solution of 
haematoxylene. The violet spots of Cr(VI) and Mo(VI) complexes with 
haematoxylene appeared on TLC plates were found to be stable for several hr. 
The retardation factor (Rp value) of Cr(VI) and Mo(VI) was determined using 
the following relation: 
RF = 0.5 (RL + RT) 
Where RL = Leading distance moved by Cr(VI) and Mo(VI) from the starting 
line. 
RT = Trailing distance moved by Cr(VI) and Mo{VI) from the starting line. 
Effect of Decomposition of Soil Organic Matter 
In order to study the effect of soil organic matter, soil samples were treated with 
30% H2O2 as suggested by Jackson [26]. The organic matter free soil was used to 
prepare TLC plates and the chromatography of Cr(VI) and Mo(VI) on these plates was 
performed as described above. 
Effect of Exctiangeable Cations 
To study the effect of exchangeable cations of soil on the adsorption of Cr(VI) and 
Mo(Vl), soil samples saturated with K^ Mg^^ Ca^ "^  and NH4'^  were prepared by 
equilibrating the soil with 1 N chloride solutions of the respective cations. Excess 
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salts were removed by washing the treated soil with aqueous methanol (MeOH + 
water, 4:1 v/v) followed by final washing with distilled water. Soil samples treated 
with exchangeable cations were coated on the plates for use of the static soil phase 
to examine the mobility of Cr(VI) and Mo{VI) using distilled water as developer. 
Effect of Particle Size 
To study the effect of particle size, the soils were passed through standard sieves of 
100,150 and 300 mesh sieve (BSS) and used as the static phase and distilled water as 
the developer. 
Effect of Soil pH 
The effect of pH on the adsorption of Cr{VI) and Mo(VI) was studied using the soil 
samples at various pH values (4.0, 5.0, 6.0, 10.0, adjusted with 0.1 N HCI or 0.1 N 
NaOH) as layer material in combination with distilled water as developer. 
Effect of Sewage Sludge 
To study the effect of sewage sludge, the sewage sludge was mixed with soil in 
different proportions (sewage sludge : soil, 1:3,1:1, and 3:1, w/w). The contents (soil 
plus sludge) were slurred with distilled water in 1:2 ratios by shaking for 5 min and 
then it was coated as a 0.5 mm thick layer over TLC plates for use as the static phase 
while distilled water was used as developer. 
Effect of Sample pH 
To study the effect of pH of sample on the adsorption, the pH values of Cr(VI) and 
Mo(VI) solutions were adjusted by adding 0.1 N HCI or 0.1 N NaOH into sample 
solution. 
Effect of Surfactants 
In order to study the effect of surfactants (cationic, nonionic and anionic) listed in 
Table 3.1, aqueous solutions of CTAB, Triton-100 and SDS (near CIVIC and above 
CMC) were used as a developer and natural soils used as static phase. 
Separation 
For separation, aqueous solutions of Cr(VI) and Cr(lll) (1:2 ratio) and Cr(VI) and 
Mo(VI) (1:1 ratio) were mixed and 5 piL of the resultant mixtures was loaded on the 
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TLC plates at the point of application. The plates were developed with distilled water 
and the resolved spots were detected by spraying haematoxylene on TLC plates. 
3.3 RESULTS AND DISCUSSION 
The results of this study are summarized in Tables 3.1-3.7 and Figs. 3.1-3.5. The 
adsorption behavior of Cr(VI) and Mo{VI) was examined on soil thin layer plates 
prepared from six different types of soil (Si-Se). Table 3.2 lists the physico-chemical 
parameters of soil samples used. In order to optimize the experimental conditions, 
the effects of various factors on the adsorption of Cr(VI) and Mo(VI) such as (a) 
decomposition of soil organic matter, (b) exchangeable cations (K*, Mg^\ Ca *^ and 
NH/), (c) particle size, (d) soil pH, (e) sewage sludge, (f) the variation of sample pH 
and (g) nature of head groups of surfactants (cationic, nonionic and anionic) were 
examined. The mutual separations of Cr(VI) and Cr(lll) as well as Cr(VI) and Mo(VI) 
were realized during present study. 
An examination of results listed in Table 3.3, show that the mobility of Cr(VI) 
and Mo(VI) in all types of soil (SrSe) used as static phase followed the order Cr(VI) > 
Mo(VI).The mobility of these metal ions is controlled by their adsorption capability 
on soil colloids. It appears that Mo(VI) is strongly adsorbed by soil constituents (e.g. 
Fe and Al oxides) in comparison to the adsorption of Cr(VI) and hence Mo(VI) shows 
lower Rp value on all soil layers. 
The data of Table 3.3, also reveal that the decomposition of soil organic 
matter (with 30% I-I2O2) results in the increase in mobility of both Cr(VI) and Mo(VI) 
ions in all the cases (SrSe). The enhanced mobility on organic matter free soil layers 
may be attributed to the reduction in adsorption capacity of the soil [27]. 
From Table 3.3, the RF values of Cr(VI) and Mo(VI) obtained on soil (Si-Se) 
layers saturated with different cations (K*, Mg^*, Ca^*, and NH/) were found to 
follow the order K* soil > Mg^^ soil > Ca *^ soil > N H / soil, with the exception of Mg^ "^  
soil (Si and S2), Ca^ "^  soil (SrSe) and N H / soil (Si and S2) where Mo(Vi) was not 
detected. This mobility pattern is in reverse order of the adsorption magnitude of 
calcium, magnesium and potassium (i.e. adsorption order: Ca^ "" > Mg "^^  > K"^) on soil 
[28]. It shows that the soil treated with more strongly adsorbed metal ion (i.e. Ca^ )^ 
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reduces the mobility of Cr{Vl) and Mo(VI) through its bed. The strongest adsorption 
(or lowest mobility) of Cr(Vl) and Mo(VI) on N H / treated soil is in consonance with 
the finding of earlier work [28]. Both metal ions were found to produce compact 
spots on layer prepared from S3 (NH4* soil). On the other hand Cr(VI) and Mo(VI) 
produced tailed spots on layers prepared from Se (saturated with Mg^*, Ca *^ and 
NH4*). The layer prepared from Se (K* soil) gets cracked during development in 
distilled water and hence Se is not suitable for thin layer chromatography 
In order to study the influence of various physico-chemical parameters of soil 
on the mobility of Cr(Vl) and Mo(Vl), we calculated the simple correlations between 
RF values and physico-chemical parameters. The correlations coefficient obtained are 
included in Table 3.4. From Table 3.4, it can be seen that a highly significant positive 
correlations (p = 0.01 level) exist between Rp values of Cr(VI) and Mg content of soil, 
and between Rp values of Mo(VI) and the base saturation of the soil. However, a 
highly significant negative correlation (p , 0.01 level) was realized between RF values 
of Cr(VI) and organic matter content, clay content or the cation exchange capacity. 
Similarly a positive correlation (p = 0.05 level) between RF values of Cr(VI) and the 
base saturation and between RF values of Mo(VI) and Mg content or the sum of 
bases also exists. There is no significant correlation between RF values of both metal 
ions and other soil parameters studied. 
The positive value for correlation coefficient of Mg content of soil is due to 
the fact that a competition between Mg ion and Mo(VI ) or Cr(VI) exists for the 
certain exchange with soil. The lower RF values of Cr(VI) and Mo(VI) on soil layers (Sr 
Se) show the detrimental effect on reduction of mobility of Cr(VI) and Mo(VI) through 
soil having higher contents of clay and organic matter. This observation is in 
consonance with the fact that, the least adsorptive capacity of soil is mainly due to 
low clay and organic matter contents [28]. We also find a significant negative 
correlation between the Rp values and the cation exchange capacity. However, a 
positive significant correlation between Rp values and the base saturation (%). From 
Table 3.4, it is clear that the Rp values of Cr(VI) and Mo(VI) are increased with the 
increase in base saturation (%). 
60 
Fig. 3.1, clearly demonstrate that the RF values of Cr(VI) and Mo(VI) 
decreased with the decrease in particle size of the soil, because of higher 
adsorption capacity of the smaller particles [29]. Furthermore, more compact and 
well-formed circular spots were realized on layers prepared from soils of smaller 
particle size. 
From Fig. 3.2, it is clear that the RF values of Cr(VI) and Mo(VI) were found to 
decrease with the decrease in pH of soil (Si-Se) used as static phase with the 
exception of Mo(VI), which was not detected on layers prepared from Si and S3 (pH 
6.0 ± 0.1 to 4.0 ± 0.1). The decrease in mobility (or RF value) at lower pH of soil may 
be attributed to the stronger adsorption of Cr{VI) and Mo(VI) by soil particles 
through specific adsorption or chemisorptions reaction that are non electrostatic 
[30]. 
However, no significant change in the mobility of Cr{VI) was observed when 
the pH of soil was increased from 8 to 10. On soil layers (Si-Se, pH 10 ± 0.1) MofVI) 
could not be detected or probability due to its precipitation. 
From the results shown in Fig. 3.3, it is evident that there is a reduction in the 
mobility of Cr(VI) and Mo(VI) on the increase of amount of sludge in soil samples (Sr 
Se). This decrease in mobility (or Rp value) of Cr(VI) and Mo(VI) may be attributed to 
the decrease in pH of sludge amended soil (pH range 7.1-7.8). The pH of pure soil 
(without sludge) was 8.6. 
There was no pronounced effect of variation of sample pH of Cr(VI) (pH, 
range 2.5-6.5) and Mo(VI) (pH, range 9.59-5.3) on their mobility (Figs. 3.4 and 3.5). 
The original sample pH values of Cr(VI) and Mo(VI) were 4.6 and 9.59 respectively. 
To examine the influence of the concentration of surfactants (cationic, 
nonionic and anionic) on the RF values of Cr(VI) and Mo(VI), chromatography was 
performed on different types of soil layers (Si-Sg). The Rf values of Cr(\/I) and Mo(VI) 
obtained in pure water (i.e., zero surfactant concentration. Mi) and in aqueous 
solutions of surfactants at various concentration levels (M2 - M7) are presented in 
Table 3.5. From the data in Table 3.5, the following trends are noticeable: 
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It is clear that the mobilities of Cr(VI) and Mo(VI) are slightly modified in the 
presence of surfactants at all concentration levels of surfactants. The significant 
effect on the mobility of both ions was observed with M7 where SDS (an anionic 
surfactant) concentration is above CMC value. In this case Cr(VI) and Mo(VI) showed 
strong retention towards soil and hence their RF values are lower compared to RF 
values obtained with M i (i.e., distilled water). It appears that SDS micelles provide an 
entirely different microenvironment for the increased retention of Cr(VI) and Mo(VI) 
on soil surfaces. It is therefore, concluded that anionic surfactant (SDS) is more 
effective than cationic (CTAB) and nonionic (Triton-100) surfactants to check the 
mobility of Cr(VI) and Mo(VI) through soil bed. 
Except Si, (where Cr(VI) and Mo(\/l) could not be detected). Cr(VI) was clearly 
separated from Cr(lll) on soil thin layer plates prepared from (S2-S6) using distill 
water as mobile phase (Table 3.6). Similarly, with this mobile phase, Cr(VI) can be 
separated from Mo(\/l) on soil thin layer plates prepared from S2, S4, S5 or Se (pH 4.0 
± 0.1). Mo(VI) except Si and S3 layers (Table 3.7). 
62 
cljapter 3 
REFERENCES 
[ I ] Epstein, E., Chaney, R.L J. Wat. Poll. Cont. Fed. 50 (1978) 2037. 
[2] Wetterhahn, K.E., Hamilton, J.W. Sci. Total Environ. 86 (1989) 113. 
[3] Kubota, J., Welch, R.M., Van Campen, D.R. Environ. Geochem. HealthlA 
(1992) 91. 
[4] Martin, J. P. in: Organic chemicals in the soil environment, Goring, C.A.I, and 
Hamaker, J.W. (Ed.), New York, p. 733,1972. 
[5] Yang, H., Wong, J.W., Yang, Z.M., Zhou, L.X. J. Environ. Sci. (China) 13 (2001) 
368. 
[6] Huffman, Jr.E.W., Allaway, W.H. J. Agric. Food Chem. 21 (1973) 982. 
[7] Saleh, F., Parkerton, T.F., Lewis, R.V., Huang, J.H., Dickson, K.L Sci. Total 
Environ. 86 (1989) 25. 
[8] Rai, D., Eary, L.E., Zachara, J.M. Sci. Total Environ. 86 (1989) 15. 
[9] Murti, K., Viswanathan, C.R., Puspa, Toxic metals in the Indian environment 
and its human health implication, Tata Mc Graw Hill Publication, p. 131,1989. 
[10] Chromium agency for toxic substances and diseases registry (ATSDR), Division 
of Toxicology, Atlanta, 1993. 
[II] Katz, S.A., Salem, H. The biological and environmental chemistry of chromium, 
VCH Publishers, inc.. New York, 1994. 
[12] Fendorf, S. Geoderma 67 (1995) 55. 
[13] James, B.R., Petura, J.C, Vitale, R.J., Mussoline, G.R. J. Soil Contam. 6 (1977) 
569. 
[14] Nethercott, J., Paustenbach, D., Adams, R.A. Environ. Med. 51 (1994) 371. 
[15] Information of toxic chemical "chromium," Wisconsin Department of Health 
and Family Services, Division of Public Health and Funds from the Agency for 
Toxic Substances and Diseases Registry, Public Health Service, U S 
Department of Health and Human Services, (Revised 12/2000). 
[16] Chandra, P., Kulshrestha, K. The Bot. Rev. 70 (2004) 313. 
63 
[17] Lindsay, Chemical equilibria in soils, Wiley, New York, 1979. 
[18] McBride, M.B., Cherney, J. Commun. Soil Sci. Plant Anal. 35 (2004) 517. 
[19] Khan, S.U., Nandan, D. Khan, N.N. Environ. Poll. Series (B) 4 (1982) 119. 
[20] Khan, S.U., Khan, N.N. Nandan, D. J. Indian Soci. Soil Sci. 31 (1983) 325. 
[21] Khan, S.U., Khan, N.N., Iqbal, N. Environ. Poll. 70 (1991) 109. 
[22] Khan, S.U., Bhardwaj, R.K., Jabin, S., Khan, Poll. Res. 19 (2000) 241. 
[23] Khan, S.U., Jabin, S., Khan, J.A. Poll. Res. 19 (2000) 607. 
[24] Mohammad, A., Jabeen, N. Indian J. Chem. Technol. 10 (2003) 79. 
[25] Khan, S.U., Singh, J. Poll. Res. 18 (1999) 133. 
[26] Jacl<son, M.L Soil chemical analysis, Prentice Hall, Englewood Cliff, N.J., 1973. 
[27] Schnitzer, M. Indian Soci. Soil Sci. 5 (1982) 67. 
[28] Samuel L.T., Werner, L.N., James, D.B., John, LH. Soil fertility and fertilizers, 
S''' edn., Prentice-Hall, Inc., Upper Saddle River, New Delhi Jersey, USA, 1993. 
[29] Ryan, J., Curtin, D., Cheema, M.A. Soil Sci. Soci. Ame. J. 49 (1985) 74. 
[30] Bohn, H.L., Mc Neal, B.L, Connor, G.A.O. So/7 chemistry, John Wiley & Sons, 
New York, 1979. 
64 
cha])\je,r 3 
10 
(U 
> 
U 
u 
v. 
'a* 
• M 
•D 
C 
"53 
5 
3 U 
o 
E 
3 
u 
:3 
ro 
o 
u 
0? 
ro 
c 
c 
ro 
+-> 
o 
3 
"TO 
u 
' D . 
> • 
4- ' 
<u 
E 
o 
1/1 
ro 
CD 
ro CM 
U ro 
U 
J5 *> 
U (30 
I* 
b 
X X in q 
o 
t - i 
X 
00 
to 
0) 
3 
3 
ro 
u 
E 
(U 
u 
3 
4-> 
ro 
QQ 
X 
u 
X 
m 
X 
u 
'c g 
4-> 
ro 
U 
U3 
U3 
X 
O 
o 
fS 
X 
U 
IN 
X 
u g. 
« » • X 
10 
u 
X 
u_ 
m 
X 
u 
'c 
o 
'c 
o 
z 
00 
00 
fM 
ro 
o 
to o in (N 
X 
IN 
o 
'c 
. 0 
"E 
< 
• a 
E 
o 
t/1 
• J 
c 
ro 
u 
ro 
3 in 
£ 
3 
E 0 
E 
E 
ro 
>-JZ 
•*-» 
01 
g 
4-* 
> 
u 
CO 
g 
X 
0 
^ +-< OJ 
ro 
u 
• a 
> • 
X 
0 , ^ 
c 0 
oi 0 
-C TH 
2t 
m 
O 
cn_ 
(U 
3 
to 
" > • 
u 
(U 
T3 
O 
73 
E 
_3 
T3 
o 
CO 
65 
cl^apter 3 
V 
• • - • 
to 
"5 
't/1 
(/I 
0) 
(U 
Q . 
O 
TO 
U 
E 
cu 
x : 
u 
I 
o 
o 
> • 
sz 
a. 
f«j 
en 
^ 
re 
c 
o 
<1» +3 , _ 
to re N P 
re »- ON 
CQ = - -
re 
w 
o 
to 
'DO 
o 
o 
rH 
o-
J. 
to 
C 
o 
' ^ 
re 
u 
re 
0) 
0 0 
c 
re 
x : 
u 
X 
+ 
•M 
re U 
0 
00 
tn 
U3 
IT) 
T-l 
r^  
0 in 
m 
0 
rv in 
0 0 
2 
re 
Z 
cu 
0 0 CT 
S E O 
u ^ "^ 
X ?r':' 
<u .ti ea 
O Q. O 
re u 
m 
0 0 
o 
in 
CTl 
m 
ON 
>• jno 
U 
"c OJ _ 
re C i g 
60 re S i . 
CM If 
(U 
• o - = 
v j to 
O 
cn 
i n 
U5 
m 
0 0 
00 
i n 
i n 
m 
d 
00 
d 
00 
en 
i n 
ID 
to 
00 
o 
0 0 
U3 
m 
o i 
10 
00 
U3 
(J> fN. a> 
0 
m 
00 
en 
CO (Tl 
T-t 
00 
r«. 
o i n 
rM 
cr> 
0 
00 
CO 
0 0 0 
m 
0 
d 
i n 
CD 
0 1 
0 0 m 
d 
i n 
d 
en 
d 
0 (N m 
ro 
T- l 
m 
en 
0 
0 
rH 
0 
m 
00 
rH 
o 
d 
00 
00 
o 
<N 
i n 
d 
«* 
K 
o 
0 0 
in 
in 
o 
m 
|Ns 
o 
00 
i n 00 to CO i n 
10 
0 0 
66 
chapter 3 
0) 
1/1 
J:: 
Q. 
_U 
'•-' 
ra 
+-< 
•5 
O 
o 
C 
TO 
>^  
u 
o 
>-
o 
E 
c 
o 
c 
_o 
o 
_a; 
J3 
nj (U 00 
c 
u 
X 
<u 
•a 
c 
ro 
k . 
<u 
+-> 
•«-> 
ro 
E 
u 
"c 
ro bo 
^ 
o 
o 
u 
0) 
it: 
UJ 
ra 
"o 
c g 
'•»-> 
o 
d) 
bo 
c 
TO 
u 
X 
0) 
*-> 
c 
(U 
(TJ 
> 
X 
z 
o 
o 
t lO 
2 
a 
^ 
en 
0 
Q 
2 
00 
d 
t-t 
r* 
0 
{£> 
r^  
0 
CO 
r^  
0 
CO 
00 
0 
ro 00 
0 
i n 
00 
0 
vo 
m 
0 
t -
00 
u> 
Q 
Z 
0 
Q 
Z 
0 
0 
z 
U3 
00 
0 
0 
z 
U3 
00 
0 
Q 
Z 
00 
0 
V 
/N 
o 
re 
> 
V 
O re 
(U !l 
O 
to 
0) 
O 
U 
in 
Q 
Z_ 
m 
o 
o, 
fM 
(T> 
d 
en 
0, 
en 
00 
(N 
' i t 
I -
o 
00 
d 
m 
00 
Lf) 
0 0 0 
00 
0 
en 
0 
i n 
en 
U) 
en 
10 
en 
u> 
r^  
m 
en 
m 
00 
0 
rH 
00 
0 
00 
0 
en 
00 
0 
fSI 
en 
0 
10 
en en 
d 
en d en d en d 
m 
en 
d 
en 
0 0 
00 
0 
en 
00 
0 
en 
00 
0 
00 
0 
en 
0 
en 
00 
0 
00 
0 
CO 
en 
0 
in 
en 
0 
fN 
00 
0 
i n 
m 00 i n m 
CO 
<u JC 
•»-> c 0) 
l _ 
re 
Q. 
c 
•^ 
c 
01 
> 00 
0) k-
ro 
> 
0 
^ 
H-
0 
Wl 
V 
> 
u. 
oc 
T3 
<U 
ti (U 
+-> Ol 
-a 
+-> 
0 
?• 
II 
n 2 
10 
0 
a. 
to 73 
0) 
7 ^ 
ro 1 -
II 
1 -
67 
chapter 3 
Table 3.4 Simple correlations coefficient relating soil physico-chemical parameters to 
Rpin six soils (Si-Se) 
Soil physico- chemical 
parameters 
Correlations coefficient (r) 
Cr(VI) 
-0.264'^ ^ 
-0.916 * 
-0.878* 
-0.851* 
0.148'^ ^ 
-0.237"' 
0.930** 
0.134"' 
0.647"' 
0.831* 
Mo{VI) 
-0.679"' 
-0.720"' 
-0.928** 
-0.852* 
0.119"' 
0.096"' 
0.872 
0.296"' 
0.847* 
0.925** 
pH 
Organic matter Content 
Clay content 
Cation exchange capacity 
Na*-content 
K*-content 
Mg^*-content 
Ca^*-content 
X bases 
Base saturation 
**Significant at the 0.01 level 
*Significant at the 0.05 level 
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Table 3.6 Mutual separation of Cr(VI) from Cr(lll) by soil thin layer chromatography 
Code for soil 
Rfvalues 
Cr (III) Cr (VI) 
Yi ND ND 
52 0.01 0.97 
53 0.01 0.87 
54 0.03 0.88 
55 0.02 0.79 
Ss 0.01 0.79 
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Table 3.7 Mutual separation of Cr(VI) and Mo(VI) on soil pH (4.0 ± 0.1) by thin layer 
chromatography 
Code for soil 
RF values 
Cr (VI) Mo (VI) 
Si 0.81 ND 
$2 0.84 0.31 
53 0.57 ND 
54 0.86 0.59 
Ss 0.90 0.63 
Se 0.76 0.21 
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Particle size mesh (BSS) 
Fig.3.1 Effect of particle size (100,150 and 300 mesh sieve) on the mobility of Cr(VI) 
and Mo(VI) through soil static phase 
72 
chapter 3 
1.0 
0.9 
0.8 H 
0.7 
0.6 
0.4 
0.3 
0.2 H 
0.1 
0.0 
EL 
10 
S, 
I fi 
m. 
10 
0 Cr Mo 
H 
10 10 
pH 
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u. 
Fig. 3.5 Effect of change of Mo(VI) pH on their mobility through soil static phase 
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ModiCity of Zn(n) ancC C(f(II) on SoiC 
Layers (Developed^ with Surfactant 
MecfiatecfMoBik (Pfiase Systems 
,V*^' Tr^- - ' % . 
.^0^' 
4 ^ 
4.1 INTRODUaiON \\ ^ jK 
Sorption of zinc(ll) and cadmium(ll) on the solid phaseo^the's^ilNependi^'the pH, 
the chemical nature of the metal species, the stability of^tFie" Zn(li) and Cd(ll) 
complexes, the binding power of the functional groups and the ionic strength of 
solutions and competing ions [1-3]. Soil texture plays an important role in 
determining the sorption (or mobility) of heavy metals. Several studies have been 
reported on Zn(ll) and Cd(ll) soil adsorption [2, 4-9]. Adriano [10] and McBride [11] 
showed that the adsorption of trace elements as cationic species increased with 
increasing soil pH. Therefore the mobility and bioavailability of those heavy metals 
increases with decreasing soil pH. The higher cation exchange capacity (CEC) of the 
soil reflects the greater adsorption capacity for the heavy metals [10-13]. The effect 
of soil properties on the adsorption of Zn(ll) and Cd(ll) revealed that clay minerals, 
hydrous oxides, organic mater and pH are likely to be the most important factors 
affecting Zn(ll) and Cd(ll) adsorption by soils [9, 11, 13-16]. Gaffney [17] found that 
affinity for binding heavy metals varies between different soil mineral constituencies 
and organic material. The relative mobilities of Cd, Cu, Ni and Zn on four different 
types of soil were examined by Tyler and McBride [18] by soil column 
chromatography. They found the lowest mobility in soils with high pH, CEC and 
exchangeable bases. Elliot et al. [19] investigated competitive adsorption of Cd, Cu, 
Pb and Zn on four types of soil using batch adsorption. They found adsorption for 
two mineral soils in the order Pb > Cu > Zn > Cd, which corresponds to the increasing 
pK (hydrolysis product) of these metals. In two soils containing 20-40 g Kg'^  organic 
carbon, selectivity was Pb > Cu > Cd > Zn, suggesting organic matter preferentially 
adsorbs Cd over Zn. These adsorption sequences suggest a greater availability of Cd 
and Zn compared to Pb and Cu. When examining the relative mobility of metals 
added to soil, Tyler and McBride [18] found the order of mobility as Cu « Zn < Ni < 
Cd. Naidu et al. [15] found for six soils that adsorption of Cd increased with an 
increase in pH and most of the variation in adsorption with pH was explained by the 
variation in negative surface charge. Recent studies have shown that the chloride 
concentration in soils is another major factor that controls the availability of Zn and 
Cd [20-22]. Chloride anions are known to reduce soil sorption of Zn and Cd [23] 
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probably due to the fact that chloride forms relatively strong complexes with Zn and 
Cd [24]. The influence of chloride ions on Cd complexation and mobility could also 
differ with the different sources of Cd. Hahne and Kroontje [25] examined the effect 
of pH and chloride concentration on Zn and Cd as hydrolysis and chloride 
complexation affect the solubility of sparingly soluble metal salts. They noticed that 
chloride ions (like hydroxyl and hydrogen ions) occur in all natural soils and may be 
regarded as one of the most mobile and persistent complexing agents with regards 
to heavy metals. Cown et al. [26] observed a strong competitive effect between Cd 
and Ca for adsorption on hydrous Fe oxides. When examining the effect of variable 
concentration of CaCl2 on adsorption of Cd in three soils, Petruzzelli et al. [27] found 
that the metal ion was more strongly adsorbed at lower ionic strength while any 
increase in electrolyte concentration resulted in decreased Cd adsorption. 
McLaunghlin et al. [28] examined the relative effect of KCI and K2SO4 on the 
adsorbtion of Cd. They found no effect of CI' ions on adsorption of Cd. 
Thin layer chromatography provides information about the translocation of 
metal ions through soil static phase. Measurement of Cd mobility through 22 soils by 
thin layer chromatography found that while mobility was quite variable among soils, 
highly significant negative correlations existed with pH, Ca^*, Mg^* and the sum of 
exchangeable bases [29]. The use of surfactant mediated solvent systems as mobile 
phase has been reported by several workers [30-34] in recent past. A few studies 
have also been reported on the use of chemical fertilizers, pesticides and anions as 
mobile phase [35-37]. 
Literature survey revealed that no work has been reported on the sorption of 
Zn(ll) and Cd(ll) through soil static phase in the presence of surfactant mediated 
mobile phases by thin layer chromatography. 
On the basis of above facts, the present study was undertaken to investigate 
the effect of several factors such as decomposition of soil organic matter, cations 
saturation, soil pH, the nature of surfactants, use of chloride fertilizer in surfactants 
solution as mobile phase on the sorption of Zn{ll) and Cd(ll) on soil colloids with the 
aid of soil thin layer chromatography (TLC). 
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4.2 EXPERIMENTAL 
Soil 
We used six (Si-Se) natural uncultivated soil samples collected from the surface layer 
(0-30 cm depth) at different places of Aligarh district (India). Each soil sample was 
dried, ground and sieved through 100 mesh sieve (BSS) to obtain powdered soil of 
homogeneous size. The physico-chemical characteristics of the soil such as pH, 
organic matter, clay, cation exchange capacity and exchangeable cations were 
determined by methods as described in chapter 2 and the values obtained are given 
in chapter 3 vide Table 3.2. 
Chemicals and Reagents 
Ammonium, sodium, potassium, magnesium and calcium chlorides, zinc or cadmium 
nitrates and cetyltrimethylammonium bromide were purchased from CDH, India; 
H2O2 (30%) were purchased from Qualigens, India; Triton-100 were purchased from 
Loba chemie, India and sodium dodecyl sulfate were purchased from BDH, India. All 
other reagents were of A.R. grade. 
Stationary Phase 
Soil (Si-Se) 
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Mobile Phase 
The following mobile phases were used: 
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Symbol Composition 
M l 
Aqueous surfactant solution 
M2 
M3 
M4 
Ms 
Me 
M7 
Ms 
M9 
Mio 
Fertilizer added in aqueous surfactant solution 
M u 
M12 
Mi3 
M i4 
M is 
M16 
Mi7 
M18 
Mi9 
M20 
M21 
M22 
M23 
M24 
M25 
M26 
M27 
M28 
M29 
M30 
M31 
M32 
M33 
M34 
M35 
Distilled water 
0.00009 M CTAB 
0.0009 M CTAB 
0.009 M a A B 
0.00002 M Triton-100 
0.0002 M Triton-100 
0.002 M Triton-100 
0.00081 M SDS 
0.0081 M SDS 
0.081 M SDS 
0.1 M NH4CI in M4 
1.0 M NH4CI in M4 
0.1 M NaCI in M4 
1.0 M NaCl in M4 
0.1 M KCI in M4 
1.0 M KCI in M4 
0 .1MMgCl2 inM4 
1.0 M MgClz in M4 
0 . 1 M C a a 2 i n M 4 
1.0 M CaCl2 in M4 
0.1 M NH4CI in M7 
1.0 M NH4CI in M7 
0.1 M NaCI in M7 
1.0 M NaCI in M7 
0.1 M KCI in M7 
1.0 M KCI in M7 
0.1 M MgCl2 in M7 
1.0 M MgCl2 in M7 
0.1 M CaCb in M7 
1.0MCaCl2inM7 
0.1 M NH4CI in Mio 
1.0 M NH4CI in Mio 
0.1 M NaCI in Mio 
1.0 M NaCI in Mio 
0.1 M MgCl2 in Mio 
0.1 M or 1.0 M KCI or CaCl2 could not be dissolved in aqueous SDS (0.081 M) because 
of their solubility limitations 
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Test Solution 
O.IM Zn(ll) and Cd(ll) solutions were prepared from their nitrate salts. 
Detector 
Freshly prepared dithizone solution (0.1%, w/v) in CCU was used for the detection of 
both Zn{ll) and Cd(ll). 
Preparation of Soil TLC Plates 
Soil TLC plates were prepared as mentioned in chapter 3. 
Procedure 
About 2 |iL of cation solutions (0.1 M) were then applied as spots on the base line 
with the help of marked thin layer capillaries. The spots were dried at room 
temperature before development. The plates were then developed in TLC glass 
chambers containing mobile phase by ascending chromatography. After 
development the plates were dried at room temperature and the spots of Zn(il) and 
Cd(ll) were detected. The frontal Rf values were measured on the plates by the 
following relationship: 
Frontal distance traveled by Zn(ll) or Cd(il) 
' 10 
and /JRF = RF value X lOO 
All Zn(ll) and Cd(ll) spots showed tailing. The dark pink and brick red color 
spots of Zn(ll) and Cd(ll) complexes with dithizone appeared on thin layers of soil 
were found to be stable for several hr. 
To study the effect of decomposition of organic matter, soil samples were 
treated with 30% H2O2. The organic matter free soil was used to prepare TLC plates 
and the chromatography of Zn(ll) and Cd(ll) on these plates was performed as 
described above. 
in order to study the effects of cation saturation on the sorption of Zn(ll) and 
Cd(ll), soil samples were treated with aqueous chlorides solution (1.0 N) of 
ammonium, sodium, potassium, magnesium and calcium separately as suggested by 
Jackson (38). Excess salts were removed by washing the treated soil with aqueous 
methanol (methanol : water, 4:1 v/v) followed by final washing with distilled water. 
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The treated soil samples were coated on TLC plates for use of the soil static phase to 
examine the sorption (or mobility) of Zn(ll) and Cd(ll) using distilled water (Mi) as 
developer. 
The effect of pH of soil bed on the sorption of Zn(ll) and Cd(ll) was studied by 
adjusting the pH of the soils (Si-Se) very close to 4, 5, 6 and 10 by adding required 
volume of 0.1 M HCI or NaOH. 
To examine the effect of sewage sludge, the sludge was mixed with soil in 
different ratio (2:1,1:1 and 1:2, soil/sludge). The contents were slurried with distilled 
water in 1:2, soil/water ratios by shaking for 5 min and then it was coated as a 0.5 
mm thick layer over TLC plates for use as the static phase. 
To study the effect of cationic, nonionic and anionic surfactant in mobile 
phase, the solutions of CTAB, Triton-100 and SDS (below, near and above CMC) were 
prepared in distilled water and used as mobile phases. The natural soils (Si-Se) were 
used as static phase. The CMC values of surfactants are given in chapter 3 vide 
Table 3.1. 
In order to study the effect of chloride fertilizers in surfactant solutions on 
the sorption (or mobility) of Zn(ll) and Cd{ll), the fertilizer solutions (0.1 M or 1.0 M) 
were prepared by dissolving required amount of fertilizer in aqueous surfactant 
solutions (containing surfactants above their CMC values). The resultant solutions 
were used as mobile phase for the chromatography of Zn(ll) and Cd(ll) on plain soil 
phase. 
Separation 
Separation of Zn(ll) and Cd(li) from their mixtures was achieved in mobile phase Mig. 
For separation, 0.1 M aqueous solutions of Zn(ll) and Cd(ll) (1:1 ratio) were mixed 
and 2 nL of the resultant mixture was loaded on soil TLC plates at the base line, spots 
were dried, plates were developed and the resolved spots were detected. 
4.3 RESULTS AND DISCUSSION 
The results obtained for sorption (in term of hRf value) of Zn(ll) and Cd(ll) on layers 
of different types of soil are shown in Tables 4.1-4.4 and Figs. 4.1-4.2. From Table 
4.1, the hRf values on all natural soil layers (Si-Se) varied from 2 to 10 for Zn(ll) and 6 
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to 13 for Cd{ll), which indicate that surface complexation constants were found to be 
almost similar for Zn{ll) and Cd(ll) for each type of soil studied. Because of the very 
low tiRf values, both metal ions are strongly stained by the soil and they appeared 
near the point of application on all soil layer plates after detection. Thus, Zn(ll) and 
Cd(ll) were not fully mobile through any soil (pH range 7.4 to 8.6) bed. Under this pH 
range of soil the no. of negatively charged surface sites are increased which facilitate 
the strong complexation of Zn(ll) and Cd(li) on soil surface. As compared to soil 
layers prepared from Si, S3-S5, both Zn(ll) and Cd(ll) produced more compact and 
well formed spots on soil layers prepared from S2 and Se. This might be due to the 
high organic matter content, clay content and cation exchange capacity. 
Effect of Decomposition of Soil Organic Matter 
As evident from Table 4.1, a slight increase in AIRF values of Zn((ll) and Cd(ll) (due to 
decrease in their sorption efficiency) on soil layer plates prepared from soils free 
organic matter is an interesting aspect of this study. This phenomenon may be 
explained on the basis of decomposition of soil organic matter which reduces the 
availability of binding sites on soil surface for complexation to metals. 
f^ect of Cations Saturation 
The effect of cations (NH/, Na*, K*, Mg^* and Ca *^) saturation of soil on the sorption 
of Zn(ll) and Cd(ll) is shown in Table 4.1. From the hRp values, it is clear that the 
cations saturation has marginal effect on the sorption of both Zn(ll) and Cd(ll) on all 
soil layers (Si-Se). Amongst cation saturated soil layers, more compact and well 
formed spots were realized on layer prepared from Mg^* and Ca^* saturated soils (Si-
Se). The layers prepared from Se (NH/ or K*soil) were very hard and found unsuitable 
for thin layer chromatography. 
Effect of Soil pH 
Fig. 4.1, clearly demonstrate that the hRf values of Zn{ll) and Cd(ll) were found to 
increase with the decrease in pH of soils (Si-Se). The increase in hRf values (or 
decrease in sorption) with decrease soil pH from 5 to 4 may be due to the 
acidification of soil, because at low pH H* ions can be preferentially bound on the 
negatively charge sites of soil. However, no significant change in the hRf values of 
both cations was observed at soil pH 6. At soil pH 10, reduction in hRf values for both 
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Zn(ll) and Cd(ll) was observed. This decrease in hRf values (or increase sorption) may 
be attributed to the decreased competition of H* with metal ions for sorption on soil 
surface at high soil pH [39]. 
Effect of Sewage Sludge 
From the results shown in Table 4.2, It is evident that there is no considerable 
change in hRf value of Zn(ll) and Cd(ll) with increase the amount of sludge in soil 
samples (Si-Se). Furthermore, more compact and well formed circular spots were 
realized on layers prepared from sludge amended soil samples as compared to soil 
layers. 
Effect of Surfactants 
In order to examine the effect of nature of cationic (CTAB), nonionic (Triton-lOO) and 
anionic (SDS) surfactants on the sorption behavior of Zn(li) and Cd(ll) through 
different types of soils (Si-Se), chromatography was performed by using aqueous 
solutions of these surfactants at different concentration levels (below, near and 
above CMC values of surfactants) in mobile phases (M2-Mio). From results presented 
in Table 4.3, it is clear that hRf values of Zn(ll) and Cd(ll) are slightly modified in 
mobile phase M4, where CTAB concentration is above CMC value. In M4, the soil 
layers prepared from Se cracked during development. With mobile phases (M5, Me, 
Ms and M9) on all soil layer plates (Si-Se) compact spots were realized. 
Effect of Fertilizer Added Surfactant Solutions 
The effect of presence of chloride fertilizers (e.g. ammonium chloride, sodium 
chloride, potassium chloride, magnesium chloride and calcium chloride) in surfactant 
mediated mobile phases (M4, M7 and Mio) on the sorption of Zn(ll) and Cd(ll) was 
examined and the obtained results are summarized in Table 4.4. An increase in hRf 
values of both metal ions with increase in the concentration of CI' fertilizers in M4, 
M7 and Mio was noticed in the order Zn(ll) < Cd(ll). These results are in agreement 
with the finding of Evans et al. [40], who realized the adsorption pattern for metal 
ions on soil in the presence of CI" ion as Zn < Pb < Cd < Hg. This sequence of 
adsorption is directly related to the ability of metal ions to form complexes with CI 
ions. Following interesting phenomenon were observed during TLC of Zn(ll) and 
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Cd(ll) on soil layers developed with aqueous surfactant (concentration above CMC) 
containing chloride fertilizers: 
• With 1.0 M NH4CI in aqueous CTAB as mobile phase, colored spots of Zn(ll) 
and Cd(ll) disappeared after =15min of spraying with chromogenic reagent. 
• With 1.0 IVI NaCI in aqueous CTAB as mobile phase, detection clarity of Zn(ll) 
and Cd(ll) diminished. 
• With 0.1 or 1.0 M KCI In aqueous CTAB as mobile phase, soil TLC plates are 
deformed after development if kept for longer duration. 
• With 1.0 M MgCb in aqueous CTAB as mobile phase, soil TLC plates need to 
be dried at elevated Temperature (* 60 ''c) prior detection of analytes. This 
step is required because of hygroscopic nature of MgC^. 
• With Triton-100 containing 0.1 or 1.0 moles of MgCl2, detection of both Zn(ll) 
and Cd(ll) was not clear on Si and S3 layers TLC plates. 
• With 0.1 M MgCl2 in aqueous SDS or Triton-100 as mobile phase, soil TLC 
plates required to be dried at 60 °C after development as the visualization of 
analyte spots is only possible on well dried plates. 
• The development time for 10cm ascent was in the order: SDS > Triton-100 > 
CTAB. 
Separation 
The position of spots appeared on chromatoplates (Si-Se) are depicted in Fig. 4.2. 
From Flg.4.2, it is clear that, with mobile phase Mis (1.0 M MgCb in M4) Zn(ll) and 
Cd(ll) could be separated easily from their mixtures (1:1, v/v). 
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Table 4.4 Effect of fertilizer added aqueous surfactant solutions (as mobile phase) on 
the sorption (in term of hRf value) of Zn(ll) and Cd(ll) through soils (Si - Se) static 
phase 
Mobile 
phase 
M4 
Mn 
M12 
Mi3 
Mi4 
Ml5 
M16 
Mi7 
M18 
Mi9 
M20 
M7 
M21 
M22 
M23 
M24 
M25 
M26 
M27 
M28 
M29 
M30 
Mio 
M31 
M32 
M33 
M34 
M35 
S i 
13 (30) 
19 (37) 
25 (79) 
18 (23) 
30 (81) 
17(33) 
25 (77) 
37 (45) 
45 (99) 
19 (41) 
30 (88) 
9(12) 
20 (25) 
44 (77) 
12 (22) 
21 (65) 
18 (25) 
27 (86) 
27 (43) 
52 (81) 
26(39) 
49 (91) 
10(13) 
18 (27) 
25 (44) 
15 (22) 
17 (53) 
27 (55) 
S2 
6(13) 
10 (16) 
17 (41) 
7(13) 
20 (42) 
11(24) 
15 (44) 
15 (27) 
30 (95) 
10(27) 
19 (44) 
3(4) 
14 (21) 
39(65) 
11(18) 
13 (51) 
17 (20) 
19 (45) 
23 (40) 
42 (85) 
29 (35) 
45 (77) 
4(5) 
14 (18) 
15 (30) 
9(14) 
7(36) 
17 (34) 
Static phase 
S3 
8(15) 
11(19) 
15 (54) 
10 (17) 
27(65) 
15(23) 
19 (45) 
25 (37) 
35 (91) 
14(35) 
29 (81) 
10(11) 
17 (23) 
37 (69) 
13 (18) 
17 (55) 
19 (25) 
22 (52) 
25 (41) 
50 (74) 
23 (44) 
41 (82) 
10(9) 
14 (22) 
17 (41) 
12(17) 
10 (47) 
19 (42) 
S4 
11 (22) 
13 (27) 
20 (71) 
13 (19) 
43 (75) 
17 (27) 
27 (64) 
32 (42) 
54 (99) 
21 (24) 
30 (91) 
8 (10) 
22 (24) 
41 (78) 
11(20) 
23 (72) 
20 (21) 
23 (51) 
22 (44) 
48 (78) 
20 (46) 
51 (87) 
10(11) 
20(18) 
18 (44) 
11 (18) 
12 (52) 
27 (51) 
Ss 
9(15) 
18 (27) 
20 (65) 
11 (18) 
35 (79) 
18 (29) 
18 (61) 
29 (41) 
48 (94) 
13 (39) 
35 (88) 
11(8) 
18 (25) 
30 (74) 
12 (20) 
20 (51) 
17 (23) 
26 (90) 
20 (46) 
50 (77) 
21 (41) 
45 (88) 
7(9) 
11 (20) 
17 (35) 
13 (16) 
10 (48) 
21 (43) 
Se 
8(20) 
14 (22) 
19(69) 
14 (22) 
37 (81) 
14 (29) 
22 (79) 
17 (41) 
41 (95) 
14(40) 
33 (84) 
3(4) 
15 (25) 
20 (76) 
9 (17) 
19 (57) 
14 (21) 
17 (72) 
18 (41) 
41 (81) 
17 (37) 
40 (85) 
7(10) 
13 (24) 
21 (42) 
11(21) 
10(51) 
20 (41) 
hRf values of Cd(ll) are given in "parenthesis" 
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Fig. 4.1 Effect of change of soil pH on the sorption (/jRp value) of Zn(ll) and Cd(ll) 
through soils (Si - Se) 
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Solvent front 
10 cm 
B 
Starting line 
Fig. 4.2 Separation of Zn{ll) and Cd(ll) on soil layers (SrSe) developed with 
mobile phase Mig; A = Zn (II), B = Cd (II) 
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5.1 INTRODUCTION 
Among the anionic forms of nutrients MOOA^', BAO?^" C204^', COB^', HCO3" and H2PO4" 
are important as these are utilized by plants in their anionic forms as such. Among 
these, Mo04^' and 6407^' are considered as micronutrients and play a vital role in the 
life process of plant development. Molybdenum is required for the reduction of 
absorbed nitrates into ammonia prior to formation of amino acids. It performs this 
function as a part of enzyme nitrate reductase. Molybdenum is also essential for 
nitrogen fixation carried out by nitrogen fixing bacteria in legumes. Responses of 
legumes to molybdenum application are mainly due to its need by the symbiotic 
bacteria. On the other hand, the role of boron is important in sugar transport within 
the plant. Boron has a role in cell division and is required for the production of 
certain amino acids. The application of boron in the form of solubor is preferred as it 
is highly soluble than sodium tetra borate. The calcium boron ratio in leaf tissues has 
been used to assess the boron status of crops. Boron deficiency is indicated by ratio 
>1200:1 for most crops. The total boron in soils varies from 7 to 80 ppm of which less 
than 5% boron of the total soil is available for plant use. it has also been revealed in 
literature that several organic compounds including carboxylic acids are produced in 
soils as results of chemical and/or biochemical [1] decomposition of organic matter 
remains in soil environment. These anionic species are found to play an important 
role in the translocation of plant nutrients and toxic heavy metals in soils. The COa '^, 
HCOa" ions are present in soils as these are released by their soluble salts. However, 
the phosphorus is the major nutrients and required in greater quantity. The most 
essential function of phosphorus in plants is energy storage and transfer. An 
adequate supply of phosphorus is required in an early stage of a plant development 
of its reproductive parts. Phosphatic fertilizers are applied to soils by farmers to get 
higher yields 
The significance of amino acids is well known in relation to soils and plants. 
Amino acids are found to exist in soils as a result of decomposition of proteins and 
soil organic matter [2, 3] and play a vital role in biochemical processes [4]. They are 
absorbed by clay to form clay amino acid complexes [5] and their products such as 
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indoles [6] act as growth promoting substances and hormones in plants. The role of 
these anions on the mobility of amino acids need to studied to know their 
significance in soil. This prompted to carry out such study by using soil thin layer 
chromatography, which has become an inexpensive tool for the mobility 
determinations in soils [7, 8]. 
5.2 EXPERIMENTAL 
The soil (0-30 cm) sample was collected from agricultural farm of Aligarh Muslim 
University, situated in Aligarh district (U.P.) India. The Physio-chemical properties of 
the soil were determined by using analytical methods as described in chapter 2 and 
the values obtained are recorded in Table 5.1. 
Chemicals and Reagents 
All chemicals and reagents used were of Analytical Reagent grade. 
Stationary Phase 
Soil 
IVIobile Phase 
Aqueous solution of (0.2 M) of Na2Mo04^', Na2B407 "^, Na2C204 '^, Na2C03 '^ and (0.6 
M) of NaHCOa', NaH2P04 salts with adjusted ionic strength ([J = 0.6) in 0.6 M NaCl04 
Amino Acids Studied 
Alanine, serine, valine, leucine, histidine and glutamic acid. 
Test Solutions 
The test solutions (0.2 M) of all amino acids were prepared in double distilled water. 
Detector 
0.2% Alcoholic solution of ninhydrine (w/v). 
CHROMATOGRAPHY 
Preparation of Soil TLC Plates 
For the preparation of soil TLC plates similar procedure was followed as described In 
chapter 3. 
Procedure 
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An aqueous solution of 10 i^ L of each amino acid (0.2 M) was spotted at the base line 
on separate TLC plates with help of a micropipette. The plates were developed in 
closed chamber using distilled water (control) and various anionic solutions viz., (0.2 
M) of Mo04^ 6407^', C204^", COa "^ ; (0.6 M) of HCO3', H2PO4' at constant ionic 
strength (n = 0.6) as a mobile phase and allowed to develop upto a distance of 10 cm 
by ascending chromatographic technique. To prevent disintegration of soil in contact 
with developer, wetted strips of filter paper (about 2.5 cm wide) were wrapped 
around the bottom of plates before the development. 
Developed plates were air-dried. The detection of amino acids on TLC plates 
was done by spraying 0.2% alcoholic solution of ninhydrin and heating in an oven at 
70-80 °C for 10-15 min. Amino acids were detected as brick red colored spots, which 
were stable for several hr. 
The RF values in each case was calculated using the relation, 
RF = 0.5 (RL + RT) 
Where, 
RL = Leading distance moved by amino acid. 
RT = Trailing distance moved by amino acid. 
5.3 RESULTS AND DISCUSSION 
An examination of the RF values of the cyclic as well as aliphatic amino acids (Fig. 
5.1) in natural soil (0 dose) follow the order: glutamic acid > histidine > valine > 
leucine > serine > alanine, that are in accordance with the same order of molecular 
weight (Table 5.2) except in the case of glutamic acid and leucine. The higher 
mobility of glutamic acid as compared to histidine may be due to the presence of 
two carboxylic groups indicating enhanced - I effect than imidazole ring present in 
histidine, thus making the glutamic acid less adsorptive due to the creation of 
negatively charge carboxylate ions and thus move at the faster rate. The higher 
mobility of valine than leucine may be due to its higher solubility in water. The 
mobility order: valine > leucine > alanine can be explained on the basis of the nature 
of alkyl groups capable of exerting +1 effect making the nitrogen of -NH2 group richer 
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in electron density posing unfavorable conditions for making the molecule to form 
zwitter ions. Thus making the molecule less attractive with the negatively charged 
sites of the soil colloids and move in the same order. 
The effect of anionic species of the plant nutrients (Fig. 5.1) indicates that the 
initial lower concentrations of the anions used as mobile phase lead to the increase 
in the amino acids transport through soils. But at their higher concentrations the 
mobility is found to gradually decrease in most of the cases except in case of 
glutamic acid that followed a decreasing trend through out the entire study. The 
increasing trend may be attributed to the blocking of the exchangeable/adsorptive 
sites by the preferential adsorption of sodium ions released from the respective salts 
of these anionic nutrients at their lower concentration as follows, 
I SOIL> M + Na - X • | SOIL> Na + M"^ + X" 
Where M represent naturally occurring cations (Ca^*, Mg^*, K*, Na* etc) at the 
exchangeable sites of the soil colloids; X denotes MoO/i^', BAO?^', €204^", COa^ ", HCO3" 
and H2PO4". 
It is found that the exchangeable or adsorptive sites of the soil colloids get 
blocked. Thus facilitating the movement of amino acids to move at the faster rates. 
However, higher concentrations of these negatively charged anions might play a 
decisive role in the amino acids mobilization process due to their interaction with 
sodium saturated soils. This can be explained as: since the soil pH is 8.5 and becomes 
more alkaline with the increasing concentrations of the sodium salt of anionic 
species, as a result the adsorbed sodium ions may be converted into their hydrated 
forms that could possibly have exerted an attractive influence on these anions 
through hydrogen bonding as: 
S0il> Na—0-H + X"- ,. | 1 5 I L > N a — 0 - H - X " 
Where n=l , 2, the no. of negative charge 
The adsorption of anions through hydrogen bonding / vander waals forces on 
specific sites is most likely to happen as each anionic species contains some active 
oxygen atoms capable of forming hydrogen bond in an alkaline soil medium. This 
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contributes the net negative charge sites on the soil system. The electron density on 
these soil systems will vary and is expected to be governed by the nature and 
concentration of the anionic species. The over all interaction of the amino acids is 
expected to be linked as: 
I SOIL> Na—0—H -i- X" -t- NHj—CH—COO —*> | SOIL> Na—O—H—X"—NH|—CH—COO 
H 0 
1 II 
R — C — C — 
1 NH3 
(Zwitter ion) 
0 
Thus, the interaction of amino acids with negatively charged soil systems is expected 
to be governed by the ease of zwitter ion formation in the order: 
H 0 
I II 
R — C — C — O H 
I 
NH2 
(Amino acid) 
0 
glutamic acid > histidine > serine containing HOCCH2CH2—' " i ^p^i—' HOCH2— 
groups in decreasing order of - I effect. On the other hand, the mobility order for 
CH3 CH3 
valine>leucine>alanine having respective groups:CH3-CH—'CH3-CH—CH2—'CH3— 
with decreasing order of +1 effect has provided a basis of their interactive trend with 
soil colloid in the reverse order of their mobility. 
However, the mobility of amino acids through soil wi th varying concentration 
of anionic species as their mobile phase depends upon the combined effect of the 
nature and concentrations of these ions as well as the nature of the amino acids 
through soil and thus, do not follow any specific trends as discussed above. 
The above results are supporting the earlier work done and reported [9,10]. 
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Table 5.1 Physico-chemical properties of soil 
Parameters 
PH (1:5, soils : water) 
EC (1:5, soils : water) (dSm"^) 
Organic matter (%) 
Cation exchange capacity (CEC) 
(Meq lOOg'Soi l ) 
Exchangeable cations (meq 100 g"^ soil) 
Na* 
K^  
Ca^^ 
Mg^^ 
Exchangeable (mg kg^ soil) 
N H / - N 
NO2-N 
NO3" -N 
Phosphorus 
Values 
8.5 
0.86 
0.45 
16.1 
1.1 
0.5 
3.6 
1.2 
36.0 
28.0 
7.2 
36.0 
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Fig. 5.1 The Effect of some anions at constant ionic strength (|Li=0.6) on the mobility 
(RF) of amino acids in soil 
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6.1 INTRODUaiON 
Of all the metals, cadmium is most important in terms of food chain contamination, 
because it is readily taken up by plants and translocated to different parts of plant [1, 
2]. The uptake of Cd can vary greatly among plant species and also among cultivars 
within a species [3, 4]. Cadmium toxicity is correlated with disturbances in the 
uptake and distribution of macro and micronutrients in plants [5-7]. Soil 
contamination of Cd is due to both natural and anthropogenic sources such as the 
non-ferrous metal industry, mining, use and disposal of batteries, metal 
contaminated wastes and sludge disposal and the application of pesticides and 
phosphate fertilizers [8, 9]. Several studies carried out with different plant species 
have revealed that Cd is a strong phytotoxic and causes growth inhibition and even 
plant death, although the mechanisms involved in its toxicity are still not completely 
well understood [10-14]. The beneficial effect of Cd at lower doses in different crop 
plants has been reported by various researchers [12, 15]. Dong et al. [16] study the 
effect of Cd at five concentration levels on growth and photosynthesis of two tomato 
cultivars showed that at lower doses Cd becomes beneficial, but at higher 
concentration it became phytotoxic. 
Unlike Cd, zinc is an essential element both for plants and humans, but at 
higher concentration it can be highly toxic. The toxic effects of Zn and other metals 
on different crop plants have been reported by many workers [17-20]. Davies and 
Parker [19] have established a correlation between Zn toxicity and Ca:Zn ratio. They 
pointed out that the excess of Zn was responsible for the reduced stem biomass. 
Whitehead [21] observed that the magnitude of accumulation of Zn (Zn^*) differed in 
different plant species. Cayton et al. [22] have reported the dependency of 
absorption and translocation of plant nutrients like Fe, Mg, K, P and Ca on the level 
of Zn concentration in soil. According to the studies of Rogers et al. [23] the 
inhibition of Fe and Zn uptake in Arabidopsis plants by an excess of cadmium. Deng 
et al. [24] carried out a study, to evaluate the variation of Zn and Cd accumulation 
and tolerance of Sedum alfredii. They found that significant differences in Zn and Cd 
accumulation and tolerance exist in populations of 5. alfredii. The availability of 
heavy metals in soil and their uptake by plants not only was dependent on the total 
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content in the soil, but also upon other factors (i.e. soil organic matter, soil pH and 
cation exchange capacity) [25-30]. The availability of Cd and Zn for plant uptake 
decreases with increasing pH of the soil as demonstrated earlier [25]. Several studies 
have reported that addition of Zn to soil can decrease crop Cd accumulation [31-33]. 
It is possible that this inhibition of Cd accumulation by Zn is the result of soil 
chemical processes. Hart et al. [34] attributed the competitive interaction between 
Cd and Zn for uptake to the existence of a common transport system on the plasma 
membranes. Smilde et al. [35] and Moraghan [31] indicated that Zn application to 
soils reduced the uptake of Cd by crops. Nan et al. [36] showed that increases in Cd 
application enhanced Zn concentration in wheat or vice versa. McKenna et al. [37] 
found a complex interaction between Zn and Cd on the accumulation in the root and 
leaf of lettuce and spinach. Wu and Zhang [38] found that increasing Zn application 
alleviated Cd toxicity stress in barley plants by improving growth and reducing 
membrane damage. 
The aim of the present study was to examine the following parameters: 
" Effects of Cd and Zn interactions on the grovyrth of tomato plant. 
• Effects of Cd and Zn interactions on Cd accumulation in shoots, roots and 
leaves of tomato plant. 
• Effects of Cd and Zn interactions on Zn accumulation in shoots, roots and 
leaves of tomato plant. 
6.2 EXPERIMENTAL 
The soil used in this study was an illitic fine sandy loam collected (0-30 cm depth) 
from botanical garden A.M.U. fort, Aligarh, U.P., India. The soil was air dried, crushed 
and sieved through 100 mesh (BSS) sieve prior to analysis. The physico-chemical 
properties of the soil viz: pH, mechanical composition, organic matter, cation 
exchange capacity, exchangeable cations, available nitrogen, available phosphorus, 
and available Cd and Zn were determined as described in Chapter 2. The results are 
listed in (Table 6.1). 
For pot experiment, the soil was amended to give three levels of Cd: 25, 50 
and 100 and four levels of Zn: 5, 10, 100 and 1000 mg kg"\ Thus in all there were 
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twenty treatments. Cd and Zn were used as chloride salts and received a basal 
dressing of NPK (2:1:1) fertilizer at amounts equal to 500 mg kg'^ N (added as urea), 
250 mg kg'^ P2O5 (added as CaHP04) and 250 mg kg"^ K2O (added as K2SO4). The 
treated soil sample was mixed thoroughly, put into glazed earthenware pots (1.6 Kg 
pof^) and saturated with distilled water. Each treatment was replicated thrice. The 
soil in pots was allowed to equilibrate in the glass house for three days. Three pre 
germinated seedlings of tomato [Lycopersicum esculentum) were planted in each 
pot. The pots were randomly arranged in glass house and rearranged several times 
during the growth period. When the seedlings had grown to about 4 cm they were 
thinned to one per pot. The seedlings were irrigated with distilled water daily to 
maintain 50 percent Water holding capacity of the soil. The growth temperature was 
32/25°C (day/night). The plants were harvested after 65 days. -
After harvest, the plants were separated into shoots and roots and 
immediately washed with distilled water and dried in an oven at 70 ± 2°C till a 
constant weight was obtained. The dry mass of shoots and roots were determined. 
The dried plant samples were ashes at 180°C for four hours and finely powdered in a 
stainless steel grinder. About 250 mg of powdered plant material (leaves, shoots and 
roots) was digested in 5 mL mixed acid, cone. HNO3 and HCIO4 (4:1, v/v). The 
digested samples were heated on a hot plate till the brown fumes ceased and the 
digested material was converted into a syrupy liquid with some white fumes. The 
samples of the syrupy liquid were digested in 5 mL of concentrated HCI and diluted 
with distilled water to obtain the clear solution. It was filtered and the filtrate was 
making up to 25 mL with distilled water in each case. The concentrations of Cd and 
Zn in solutions were determined by atomic absorption spectrophotometer (GBC 902 
model). In soil sample, extractable Cd and Zn was extracted with NH4OAC and 
analyzed by atomic absorption spectrophotometer. All chemical and reagents used 
in the above experiments were of analytical reagent grade. 
Statistical Analysis 
The statistical analysis were carried out with SPSS version 10 for all parameters 
studied. All data were subjected to Duncan's Multiple Range Test (DMRT) to 
determine statistical significance of the effects due to treatments with Cd, Zn and 
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their interaction. In the Figures bars represent standard errors of replicates, and 
different letters (i.e. a, b, c etc.) indicate significant difference at p<0.05; LSD test. 
6.3 RESULTS AND DISCUSSION 
6.3.1 Results 
The physico-chemical properties of the soil used in pot experiment were summarized 
in Table 6.1. The data presented in Figs. 6.1-6.3 provide the information about the 
effects of Cd and Zn interactions on the growth and accumulation in leaves, shoot, 
and root of tomato plant. The amounts of extractable Cd/Zn in soil are shown in 
Fig. 6.4. 
Effects of Cd and Zn Interactions on the Growth of Tomato Plant 
From the Fig. 6.1, it is clear that Zn addition up to the level of 100 mg kg"\ shoot 
biomass decreased significantly with Cd addition. At Zn dose 1000 mg Kg"^  of soil, 
there was no change in shoot biomass with the increase in Cd concentration of soil in 
the range 0-100 mg kg'^ soil. Application of 0 to 100 mg Zn Kg'^  did not significantly 
affect shoots biomass, but 1000 mg Zn kg"^  caused sharp decreases in shoot biomass. 
Root biomass showed almost identical pattern of variation as observed in the case of 
shoot biomass, with the exception of the treatment with 1000 mg Zn Kg"\ in which 
root biomass increased slightly with increasing Cd addition upto 50 mg kg'^ and 
decreased afterward. 
Effects ofCd andZn Interactions on the Accumulation and Tissue Distribution ofCd 
With no Cd addition, cadmium concentrations in leaves, shoot, and root could not be 
detected. Cadmium accumulations in all tomato organs increased with increasing Cd 
addition in soil (Fig. 6.2). With 25 and 50 mg Cd kg"\ addition of Zn at 5 or 10 mg Kg"^  
did not show significant effect on Cd accumulation in leaves shoot, and root; while 
Zn applications of 100 and 1000 mg kg"^  reduced Cd accumulation. With 100 mg Cd 
kg , application of 5 mg Zn kg^ increase Cd accumulation in all tomato organs 
followed by decreasing trend. Fig. 6.2 also reveals that Cd accumulation in roots was 
much higher than in leaves and shoots. The highest accumulation of Cd was 135 mg 
kg"^  in the leaves, 57 mg kg'^ in the shoots, and 210 mg kg"^ in the roots of tomato 
plant at 100 Cd plus 5 mg Zn kg"^  addition to soil. 
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Effects ofCdandZn Interactions on the Accumulation and Tissue Distribution ofZn 
Zn accumulations in leaves, shoots, and roots increased significantly with increasing 
Zn application (Fig. 6.3). With 0 to 100 mg Zn kg"\ Cd addition had little effect on Zn 
accumulations in leaves, but with 1000 mg Zn k g \ Zn accumulation in leaves is 
decreased with the increase in Cd concentrations in soil. The decrease in Zn 
accumulation was most pronounced with 100 Cd plus 1000 mg Zn Kg"^  soil. Like 
leaves, an identical pattern in the variation of Zn accumulations in shoot was 
noticed. Zn accumulations In roots showed a different pattern of changes than that 
shown by leaves and shoots. With 0 to 100 mg Zn kgS there was no consistent 
change Zn accumulation in root with changing Cd concentrations, but with 1000 mg 
Zn kg^, Cd addition significantly reduced the accumulation of Zn in roots. Fig. 6.3 
also reveals that Zn accumulation in roots was much higher than in leaves and 
shoots. The highest Zn accumulation in leaves, shoots and roots was found at 0 Cd 
plus 1000 mg Zn kg"^ addition to soil. 
Effects of Cd and Zn Interactions on the Extractable Cd and Zn in Soil 
The amount of extractable Cd in soil increased significantly with increasing soil Cd 
concentrations (Fig. 6.4). From Fig. 6.4, it is clear at each level of Cd addition, Zn 
application reduces the amount of extractable Cd in soil, but this reduction was not 
significant at low levels of Zn application to soil. However, the amounts of 
extractable Zn in soil increased slightly with application of Zn upto 100 mg kg'^ 
followed by a sharp increase at 1000 mg kg"^. Furthermore, at any level of Zn, Cd 
addition (25 to 100 mg kg"^  soil) reduces the amounts of extractable Zn in soil, but 
this reduction was not significant at low levels of Zn upto and including 100 mg kg'\ 
6.3.2 Discussion 
Significant Cd and Zn interactions are evident in this experiment in terms of both 
shoot and root biomass and Cd/Zn accumulations in plant tissues. The results 
obtained in this study showed that the application of Zn did not improve plant 
growth in the absence of Cd; it means that the soil used in this study is not Zn-
deficient. This result is in consistent with previous studies, which showed that Zn did 
not have inhibitory effects on plant uptake of Cd [36] and may relate to the use of 
soils that are not deficient in Zn. It has been suggested that one option to reduce Cd 
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accumulation in plant tissues was to improve plant Zn nutrition via soil or foliar 
applications [33, 38]. However, results of present study clearly demonstrate that the 
increase in Zn application to 100 and 1000 mg kg'^ significantly reduced Cd 
accumulations in all organs of tomato plant, but the reduction in Cd accumulation 
did not actually improve plant growth (dry biomass). This may be due to the fact that 
application of Zn at 100 and 1000 mg kg'^ is phytotoxic to tomato plants. 
The amounts of Cd added to the soil in the present study were relatively 
higher than that of normally found in agricultural soils. Competitive inhibitory effects 
of Cd on Zn accumulation by tomato plants were evident, particularly at the highest 
Zn application (Fig. 6.3), but this competition did not release any stress from soil Zn 
contamination. 
It is concluded that, addition of Cd reduces the plant growth significantly 
except at the highest Zn application in the present study. At the highest Zn 
application the Cd toxicity is over shadowed by Zn toxicity for controlling plant 
growth. Root growth seems to be more sensitive to Cd/Zn accumulation compared 
to leaves and shoot. 
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Table 6.1 PhYsico-chemical properties of the soil used in the pot experiment 
Parameters Values ±SE 
pH (1:2, Soil: Water) 8.6 ±0.26 
Mechanical composition (%) 
Sand 61.00 ± 1.85 
Silt 25.13 ±0.75 
Clay 13.87 ± 0.42 
Organic matter (%) 0.65 ± 0.02 
Cation exchange capacity (meq 100 g"^  soil) 16.3 ± 0.49 
Exchangeable cations (meq 100 g'^ soil) 
Na* 0.86 ± 0.03 
K* 0.38 ±0.01 
Ca^ ^ 5.66 ±0.17 
Mg^' 0.51 ± 0.02 
Available nitrogen (mg kg'^ soil) 
35.5 ± 1.08 
15.8 ± 0.48 
23.1 ±0.70 
Available phosphorus (mg kg'^ soil) 33.3 ± 1.01 
Available Cd (mg kg"^ soil) ND 
Available Zn (mg kg"^  soil) 0.71 ± 0.02 
Values (mean ± SE) are based on three individual readings 
NH, 
NO3 
NO2 
- N 
- N 
- N 
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I 1 OZn WZZZZ 5 Z n ^ ^ 10 Z n ^ ^ 100 Z n ^ ^ 1000 Zn addition (mg kg'') 
12 1 
Cd addition (mg V%^) 
Root 
25 50 
Cd addition (mg kg'^ ) 
100 
Fig. 6.1 Dry slioot and root biomass of tomato grown in pot culture with different 
additions of Cd, Zn and Cd plus Zn. Bars represent standard errors of replicates, 
and different letters indicate significant different at P<0.05; LSD test 
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25 50 100 
Cd addition (mg kg'^ ) 
Fig. 6.2 Cd accumulation in organs of tomato plant grown in pot culture with 
different additions of Cd, Zn and Cd plus Zn. Bars represent standard errors of 
replicates, and different letters indicate significant different at P<0.05; LSD test 
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D OZn 
1000 n 
5Zn ^ ^ 10 Zn 
Leaves 
100 Zn I 1000 Zn addition (mg kg ) 
Cd addition (mg kg ) 
Fig. 6.3 Zn accumulation in organs of tomato plant grown in pot culture with 
different additions of Cd, Zn and Cd plus Zn. Bars represent standard errors of 
replicates, and different letters indicate significant different at P<0.05; LSD test 
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OZn W7P7A 5 Z n ^ ^ l O Z n l S S 1 0 0 Z n F = i 1000 Zn addition (mg kg ) 
50 
25 50 
Cd addition (mg kg'^ ) 
Cd addition (mg kg'^ ) 
Fig. 6.4 Extractable Cd and Zn in soil with different additions of Cd, Zn and Cd plus 
Zn. Bars represent standard errors of replicates, and different letters indicate 
significant different at P<0.05; LSD test 
115 
d^fopter 7 
Stucfy of the effect of MoCyBdenum on 
^rowtfi ancf ^Nutrients Oyi^centration 
of Tomato (Lycopersicum escukntum) 
and <Btac^ §ram (^haseoCus mungo) 
(Plants 
chapter 7 
7.1 INTRODUCTION 
Among micronutrients, Mo is considered to be essential for healthy plant growth. 
Mo is reported to promote the process of nitrogen fixation (nodulation) by symbiotic 
nitrogen fixing bacteria and the reduction process of nitrate by the enzyme nitrate 
reductase (1, 2]. The growth and development of plants by the application of Mo is 
attributed to its involvement in the process of absorption and translocation of iron in 
plants through roots. Thus, the Mo level of the soil is a key factor for growth of 
certain plants. The amount of Mo availability in soil varies with soil type, being 
maximum in organic matter containing soil. Like nitrogen and iron. Mo deficiency 
exerts deleterious effect on the growth and flowering of plant. Flower abortion is 
very common in plant grown on soil deficient in Mo. Thus, the analysis of soil and 
plant becomes essential to assess the cause of the deficiency [1-4]. Over application 
of Mo on crop can cause a disease called "Molybdenosis" heart disease and scouring 
in ruminant animals. Researchers have observed that some plant species are 
endemic to metalliferrous soils and can tolerate greater than usual amounts of heavy 
metals/micronutrients or other toxic compounds [5-8]. 
Several workers have observed [9-14] that Mo application to soil affects the 
yield, protein content, nutrient uptake and growth of plants. Laltlanmawia et al. [9] 
have reported that Mo application to soil has significant effect on the number of 
nodules in leguminous plant (Soybean), which are responsible for Na-fixation by the 
enzyme nitrogenase. Li et al. [10] and Wang et al. [11] have examined the effect of 
Mo on growth and nitrate reductase activity of winter wheat seedlings under 
different experimental conditions of temperature and nitrogen fertilizer treatments. 
The studies related to the role of heavy metals on the plant growth and nutrients 
uptake [12-14] clearly demonstrate that their effect depends on the nature of the 
metal, type of plant and physico-chemical properties of the soil. 
Compared to Ni, Cr, Cu, Zn, Cd and Pb etc., little information is available in 
literature [15-24] on the role of Mo on various crops. Therefore, it was thought 
worthwhile to study the effect of Mo on the growth and nutrients concentration of 
tomato (Lycopersicum esculentum) and black gram {Phaseolus mungo) plants. 
i i f i 
7.2 EXPERIMENTAL 
The Soil 
The soil sample [0-30 cm] used in these investigation was an illitic fine sandy loam 
collected from representative area of Aligarh district (U.P.), India. The soil \Nas air 
dried, crushed and sieved through 100 mesh (BSS) sieve and then physico-chemical 
properties of the soil were determined by the methods used in soil analysis (chapter 
2). The results are presented in Table 7.1. 
Poly House Experiment 
A poly house experiment was conducted in fifty-six earthen pots. The pots were 
cleaned and coated with coal tar to prevent the absorption of salt solution. The soil 
was treated with aqueous solutions of sodium molybdate at varying concentrations 
(0.00, 0.05, 0.10, 0.20, 0.40, 0.60 and 0.80 ppm). All the treatments were replicated 
four times and received a basal dressing of NPK and gypsum at 0.5 g N, 0.5 g P, 0.5 g 
K and 0.5 g CaSOa kg"^ soil. Fertilizers and treatments solutions were manually mixed 
in the soil. One Kg of the amended soil was taken in each pot. These pots were 
referred as Moi, M02, M03, M04, M05, Moe and M07 respectively in this paper. The 
soil in each pot, was then wetted with distilled water to about 60% of its water 
holding capacity. Out of the certified seeds of tomato and black gram, ten seeds 
sown in each pot in four replicates respectively. The pots were kept at 35 + 1°C in a 
poly house, while maintaining moisture levels by adding distilled water when 
necessary. After seed germination the sprouts were equally thinned (two per pot) 
and allow growing for a total period of 90 days. The physiological parameters such as 
shoot height, fresh shoot weight, root length and fresh root weight were recorded 
and taken for analysis. 
Analytical Methods 
One g of the air dried and grounded plant samples were digested with 10 mL of acid 
mixture containing concentrate HNO3 and HCIO4 (4:1). The digested mixture was 
heated on a hot plate till brown fumes cease and converted to a syrupy liquid along 
with some white fumes [25]. The samples of the syrupy liquid were dissolved in 5 mL 
of cone. HCI and diluted with distilled water. To obtain the clear solutions, they were 
filtered and then adjusted to a volume of 50 mL in each case. The solutions obtained 
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were used for the estimation of plant nutrients. The Na and K were estimated by 
using systronic flame photometer. The amounts of Ca plus Mg were estimated by 
versenate (EDTA) titration using a buffer solution (pH 10) and eriochrome black-T 
indicator. The amount of Ca was estimated by EDTA titration using mureoxide 
indicator. The amount of Mg was then calculated by subtracting the volume of EDTA 
used for Ca from the volume of EDTA used for Ca plus Mg. Cu, Zn, Mn and Mo were 
estimated by using GBC-902 double beam atomic absorption spectrophotometer. Fe 
was determined by spectrophotometer. Statistical analysis of variance was made on 
all data and least significant differences (LSD) at 5% levels were calculated using the 
value o f t at 5% level of significance [26]. 
7.3 RESULTS AND DISCUSSION 
The data presented In Tables 7.2 and 7.3 show that the growth of both tomato and 
black gram in terms of shoot height, fresh shoot weight, root length and fresh root 
weight increased significantly on the application of Mo in soil at concentration levels 
of 0.05 to 0.10 ppm and 0.05 to 0.20 ppm respectively as compared to control soil 
system (i.e. soil without Mo). However, a reverse trend i.e. the decrease in growth of 
tomato and black gram plants was noticed at higher doses of Mo 0.20 to 0.80 ppm in 
case of tomato and 0.40 to 0.80 ppm in case of black gram. This phenomenon may 
be attributed to the increase in uptake of K, Ca and Mg nutrients by plants (tomato 
and black gram) at lower doses of Mo in soil and decrease at higher doses as evident 
from data presented in Tables 7.4 and 7.5. it appears that higher concentration 
levels of Mo in soil are injurious for the uptake of K, Ca and Mg by plants. Our results 
are in consonance with the findings of earlier workers [27, 28] who showed that the 
heavy metal toxicity depends upon the concentration level of one or more nutrients 
(Na, K, Ca, Mg, Cu, Zn, Mn and Fe etc.) within the plants. 
From the data listed in Tables 7.4 and 7.5, following trends are noticeable: 
Tomato Plants 
• The K, Ca, Mg and Cu contents increased significantly at (0.05 to 0.10 ppm) 
and thereafter, decreased at higher doses (0.20 to 0.80 ppm) of Mo in soil. 
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• The Mn and Fe contents increased and Zn decreased throughout the entire 
range (0.05 to 0.80 ppm) of Mo application in soil. 
• The Na content remains unaffected. 
Black Gram Plants 
• The K, Ca, Mg, Cu, Zn, Mn and Fe contents increased at (0.05 to 0.20 ppm) 
and thereafter, decreased at higher doses (0.40 to 0.80 ppm) of Mo in soil. 
• The Na content increased throughout the entire range (0.05 to 0.80 ppm) of 
Mo application in soil. 
It is well known that complexes in soil moved to root zone and enter the root 
hair through cell membrane as such [29]. The stability constants for most of the 
metals i.e., Na, K, Ca, Mg, Cu, Zn, Mn, Fe and Mo etc. were reported to be nearly 
equal in the fulvate model [30]. Thus, the competitive effect in the complexation of 
metals with the organic ligands takes place and selectivity rule is followed. It 
suggests that the selectivity of ligand for a given metal is proportional to the product 
of conditional stability constant for metal ligand complex and total molar 
concentration of metal. The K, Ca, Mg and Cu in tomato plant show higher selectivity 
to organic ligands and hence their concentration is increased in plant at lower doses 
of Mo (0.05 to 0.10 ppm), whereas at higher doses (0.20 to 0.80 ppm) of Mo, an 
opposite trend i.e., decrease in concentration of nutrients in plants was observed. It 
may be due to the lowering in selectivity of nutrients towards organic ligands due to 
competitive effect of Mo with K, Ca, Mg and Cu for uptake by the plants. There was 
no effect of degree of Mo concentration in the uptake of Na by tomato plant. 
However, with the increase in Mo doses, the Mn and Fe contents in tomato plant 
was found to increase whereas that of Zn showed trend of gradual decrease in the 
plant. It may be due to different chemical behavior of tomato xylem sap with Mn, Zn 
and Fe [31]. 
In case of black gram plant, nutrients (K, Ca, Mg, Cu, Zn, Mn and Fe) show 
higher selectivity towards organic ligands at lower doses of Mo (0.05 to 0.20 ppm) 
and lower selectivity at higher doses (0.40 to 0.80 ppm) of Mo (Tables 7.4 and 7.5). It 
indicates that higher concentration of Mo in the soil results in the decrease of level 
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of nutrients in the black gram plants. The Na content was found to increase with the 
increase in concentration of Mo over the entire range (0.05 to 0.80 ppm). 
Fig. 7.1 shows that the Mo uptake in case of tomato plant is higher than black 
gram plant. It may be due to the formation of more stable complexes of Mo with 
tomato xylem sap content. Thus the toxicity order of Mo is tomato plant > black 
gram plant. 
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Table 7.1 Physico-chemical properties of the soil used in the pot experiment 
Parameters Values 
pH (1:5, Soil: Water) 
E C {1:5, Soil: Water) (mmhos cm'^) 
Mechanical composition (%) 
Sand 
Silt 
Clay 
Organic matter {%) 
Cation exchange capacity (meq 100 g'^ soil) 
Exchangeable cations (meq 100 g'^ soil) 
Na* 
Ca^ ^ 
Mg^^ 
Available nutrients (ppm) 
Cu 
Zn 
Mn 
Fe 
Mo 
8.46 
4.8x10" 
62 
25 
13 
0.45 
16.1 
1.1 
0.5 
3.6 
1.2 
1.59 
0.29 
13.00 
11.00 
0.02 
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Table 7.2 Effect of Mo on shoot height, fresh shoot weight, root length and fresh 
root weight of tomato (Lycopersicum esculentum) plant 
Dose of 
Mo 
(ppm) 
0.00 
0.05 
0.10 
0.20 
0.40 
0.60 
0.80 
Code for 
Mo 
amended 
soil 
Moi 
M02 
M03 
M04 
M05 
Moe 
M07 
LSD at 5% level 
Shoot 
height 
(cm planf'^) 
24.5 
27.5 
31.0 
27.0 
23.5 
23.0 
21.0 
3.18 
Fresh shoot 
weight 
(g plant') 
5.6 
6.3 
6.7 
5.5 
4.9 
3.9 
3.2 
0.41 
Root length 
(cm plant'') 
21.0 
25.0 
28.0 
25.0 
20.0 
18.0 
17.2 
2.95 
Fresh root 
weight 
(g plant') 
0.6 
0.9 
1.3 
1.0 
0.7 
0.5 
0.4 
0.20 
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Table 7.3 Effect of Mo on shoot height, fresh shoot weight, root length and fresh 
root weight of black gram (Phaseolus mungo) plant 
Dose of Mo 
(ppm) 
0.00 
0.05 
0.10 
0.20 
0.40 
0.60 
0.80 
Code for 
Mo 
amended 
soil 
M o i 
M02 
M03 
M04 
M05 
M06 
M07 
LSD at 5% level 
Shoot 
height 
(cm plant'^) 
8.4 
9.2 
9.9 
11.9 
11.0 
9.4 
8.1 
0.53 
Fresh shoot 
weight 
(g plant"') 
0.4 
0.5 
0.7 
1.1 
0.9 
0.6 
0.3 
0.21 
Root length 
(cm plant'') 
4.8 
6.0 
7.0 
9.0 
7.6 
5.8 
4.2 
0.66 
Fresh root 
weight 
(g plant') 
0.08 
0.2 
0.3 
0.6 
0.5 
0.2 
0.06 
0.06 
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Table 7.4 Effect of Mo on the nutrients concentration of tomato (Lycopersicum 
esculentum) plant 
Dose of Code for Mo Nutrients concentration 
Mo amended soil ppm x 10"' ppm 
(ppm) Na K Ca Mg Cu Zn Mn Fe 
0.00 Moi 0.18 1.80 0.79 0.27 25.0 68.0 16.0 110 
0.05 M02 0.21 2.20 0.98 0.32 28.0 62.0 21.0 220 
0.10 M03 0.23 2.70 0.11 0.35 32.0 57.0 25.0 280 
0.20 M04 0.18 1.90 0.70 0.28 26.0 53.0 28.0 310 
0.40 M05 0.19 1.75 0.65 0.23 22.0 48.0 29.0 330 
0.60 M06 0.21 1.54 0.54 0.19 19.0 45.0 29.0 360 
0.80 M07 0.19 1.40 0.49 0.18 18.0 41.0 35.0 370 
LSD at 5% of level 0 0 2 o H 0 1 5 O02 3^22 3^i9 2.^1 17.37 
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Table 7.5 Effect of Mo on the nutrients concentration of black grann (Phaseolus 
mungo) plant 
Dose of 
Mo 
(ppm) 
0.00 
0.05 
0.10 
0.20 
0.40 
0.60 
0.80 
Code for Mo 
amended soil 
M o i 
M02 
M03 
M04 
M05 
Moe 
M07 
LSD at 5% of level 
Na 
0.96 
1.05 
1.14 
1.32 
1.46 
1.59 
1.74 
0.11 
ppm 
K 
1.19 
1.28 
1.42 
1.82 
1.56 
1.21 
1.00 
0.04 
Nutrients concentration 
x l O ' 
Ca 
0.94 
1.00 
1.21 
1.41 
1.28 
1.15 
0.90 
0.10 
Mg 
0.40 
0.54 
0.66 
0.84 
0.71 
0.58 
0.32 
0.03 
Cu 
2.5 
2.8 
3.0 
3.5 
3.1 
2.7 
2.3 
0.27 
PP 
Zn 
19.8 
24.0 
29.0 
37.0 
31.0 
21.0 
18.1 
2.87 
m 
Mn 
39.0 
43.0 
45.5 
51.0 
47.0 
44.0 
37.0 
2.29 
Fe 
44.0 
49.0 
52.2 
59.0 
53.0 
49.0 
42.0 
2.70 
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8.1 INTRODUCTION 
Among heavy metals Cd and Ni were considered to be among non essential elements 
needed for the healthy growth of plants, animals and soil microbes. However, the 
recent literature survey available on internet, "A periodic table of the elements from 
mineral institute" is suggesting that nickel is an essential element in many species of 
plants and animals. It interact with iron found in haemoglobin and helps in oxygen 
transport, stimulate the metabolism as well as being regarded as a key metal in 
several plants and animals enzymes systems. Rates raised on a nickel poor diet tend 
to develop liver damage in their biological systems. It has shown relief to the 
patients suffering an acute heart or asthma attack when this injected through their 
veins in emergency situations. However, the role of cadmium has been reported to 
be a toxic element and has a tendency to replace zinc biochemically, causes high 
blood pressure, kidney damage, destruction of testicular tissue and red blood cells, 
toxicity to aquatic biota and acts as effective enzyme inhibitors. It has affinity for 
sulfur containing ligands e.g. -SCH3 and -SH in methionine and cysteine amino acids, 
which is the part of the enzyme structure. Metalloenzymes contain metal such as 
zinc in their structures. The action of zinc is inhibited when is replaced by atoms of 
similar size like Cd which leads to Cd toxicity. 
Further more, these heavy metal accumulations Is reported in variety of 
plants such as maize, fennel plants [1, 2]. The amount of P uptake is found to 
decrease in plant seedling as a result of Ni and Cd treatments [3]. The role of heavy 
metals on the plants growth and nutrients uptake reveal that their effect is not fixed 
but vary and depends on the nature of the metal and type of the plant species, 
physico-chemical properties of the soil such as pH, nature and extent of clay 
minerals, exchangeable cations and soil organic matter [4-9]. 
However, the work on these lines are limited and it was thought worthwhile 
to study the effect of Cd and Ni on the seed germination, growth and nutrients 
uptake by chilli (Capsicum frutescens) and sunflower (Helianthus annuus) plants, 
which is still lacking in literature. 
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8.2 EXPERIMENTAL 
The soil sample (0-30 cm) used In these Investigation was an lllitic fine sandy loam 
collected from agricultural farm of Aligarh Muslim University, Aligarh (U.P.), India. 
The Physico-chemical properties of soil were determined as described in chapter 2. 
The values obtained are listed in Table 8.1. 
Pot experiment was conducted to evaluate the physiological parameters of 
chilli and sunflower plants. For pot experiment, the soil was air dried, crushed and 
sieved through 100 mesh sieve (BSS) and then it was filled in earthenware pots (2kg 
pot'^) containing varying quantities (0, 75,150, 300, 600 ppm) of aqueous solution of 
cadmium and nickel as their chloride and nitrate salt respectively. The difference of 
NO3' contents in different pots was balanced by adding requisite quantity of urea to 
avoid its effect on growth patterns. All the treatments were replicated three times 
and received a basal dressing of NPK at 0.5 g N, 0.5 g P, 0.5 g K kg'^soil. Fertilizer and 
treatment solutions were manually mixed in the soil. The soil, in each pot, was then 
wetted with distilled water to about 60% of its water holding capacity. Out of the 
certified seeds of chilli and sunflower procured from the Quarsi government 
agricultural farm, Aligarh, ten seeds of each variety were sown in each pot for every 
treatment in three replicates. The pots were kept at 35 ± 1° C in a green house, while 
maintaining moisture levels by adding distilled water when necessary. After seed 
germination, the sprouts were equally thinned and allowed to grow for a total period 
of 90 days. The physiological parameters such as seed germination, number of 
leaves, shoot length, root length; fresh shoot weight and dry shoot weight were 
examined. 
Plants were removed from the pots and were properly washed with distilled 
water. After that, these were dried and grounded for the determination of Cd, Ni, 
and other metal nutrients such as Na, K, Ca, Mg, Cu, Zn, Mn and Fe. Out of these 1 g 
sample of each treatment was digested with 10 mL of acid mixture containing HNO3 
and HCIO4 (4:1). The digested samples were heated on a hot plate till the brown 
fumes ceased and the digested material is converted into a syrupy liquid with some 
white fumes [10]. The samples of the syrupy liquid were dissolved in 5 mL of cone. 
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HCI and diluted with distilled water. To obtain the clear solutions, they were filtered 
and then adjusted to a volume of 50 mL in each case. The amounts of metals uptake 
for Na, K and Ca were estimated from these solutions by using "Systronics" flame 
photometer. Iron by spectrophotometer. The quantity of calcium plus magnesium 
was determined by EDTA titration using eriochrome black "T" indicator at pH 10 [11]. 
The amount of magnesium was then calculated by subtracting the value of Ca from 
Ca plus Mg. The concentration of Cd, Ni, Cu, Zn and Mn were estimated by double 
beam atomic absorption spectrophotometer (GBC - 902). 
8.3 RESULTS AND DISCUSSION 
An examination of results (Fig. 8.1) shows that the growth of chilli plant decreased 
significantly as a result of increasing doses of Cd application through out the entire 
range of its amendments in soil. The %age inhibition patterns for various 
physiological parameters being, seed germination: 8.88, 17.77, 25.5, 27.77; no. of 
leaves: 7.60, 13.58, 15.76, 18.47; shoot length: 18.89, 19.75, 22.01, 29.37; root 
length: 1.15, 10.26, 13.49, 18.80; fresh shoot weight: 17.36, 27.75, 33.94, 54.16; dry 
shoot weight: 25.95, 31.87, 37.94, 55.28 for varying concentrations (75, 150, 300, 
600 ppm) of Cd treatments over control in respective treatments (Fig. 8.3). However, 
in case of Ni treatments the results (Fig. 8.2) on sunflower plants shows a beneficial 
effects of various parameters. The enhancement of growth in %age being, seed 
germination: 2.5, 22.5; no. of leaves: 10.0, 25.0; shoot length: 4.60, 9.53; root length: 
17.66, 51.66; fresh shoot weight: 11.27, 92.81; dry shoot weight: 7.49, 42.23 at its 
lower concentrations (75,150 ppm) and thereafter an inhibitory trend in growth are 
noticed. The %age inhibition in growth patterns were, seed germination: 6.25, 25.0; 
no. of leaves: 15.0, 12.5; shoot length: 8.22, 19.07; root length: 8.33, 67.33; fresh 
shoot weight: 13.15, 91.65; dry shoot weight: 18.82, 82.81 at its higher 
concentrations (300, 600 ppm) in soil over control respectively as shown in (Fig. 8.4). 
Thus, it was concluded that the toxicity order for these metals being Cd > Ni. 
The results on the metals uptake (Tables 8.2 and 8.3) show the similar trends 
as indicated in the case of physiological parameters (Figs. 8.1 and 8.2) for both chilli 
and sunflower plants as a result of Cd and Ni treatments. The beneficial effect of Ni 
at its lower concentration (75 to 150 ppm) may be attributed due to their adsorption 
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over soil colloids on the exchangeable sites through ion exchange process capable of 
releasing plant nutrients elements in greater amounts required for healthy growth of 
plants and soil microbes with enhanced activity. However, Cd throughout the entire 
range (75 to 600 ppm) and Ni at higher concentration (300 to 600 ppm) become fatal 
for the soil microbes resulting in their diminished activity for releasing the plant 
nutrients (6, 12, 13]. The Cd uptake in case of chilli plant is more than the Ni in 
sunflower plant (Fig. 8.5) that might be due to its more stable complex forming or 
upholding tendencies with organic ligand than Ni, that followed the toxicity order Cd 
> Ni with the plant root sap as well as with the humic and fulvic acids fractions of soil 
organic matter contents. The results are in agreement with the findings of earlier 
workers (14, 15] who showed a similar view that the heavy metals toxicity and 
uptake depends upon the complex forming tendencies and its concentration with 
plant root sap. Thus, it was revealed that the soluble metal organic matter 
complexes in soil moved in to root zone and enter the root hairs as such [16] through 
cell membrane. The stability constants for most of the metals i.e. Na, K, Ca, Mg, Cu, 
Zn, Mn, Fe, Cd and Ni etc. were reported to be nearly equal in the fulvate model 
[17]. Thus, the competitive effects in the complexation of metals with the organic 
ligands play a vital role in their mobilization process into the plants and follow the 
selectivity rule [18,19]. This suggests that the selectivity of ligand for a given metal is 
proportional to the product of relative stability constant for metal ligand complexes 
and the total molar concentration of metal. The K, Ca, Mg, Cu, Zn, Mn and Fe in 
sunflower plant competed the Ni at lower concentration (75 to 150 ppm) and 
become more selective for organic ligands to cause their increase in plants. While Cd 
throughout the entire range (75 to 600 ppm) and Ni at higher concentration (300 to 
600 ppm) the selectivity of the metal nutrients complexation decreases and caused a 
reduction in their utilization by the plants and has resulted in their stunt growth. 
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Table 8.1 Physico-chemical properties of the soil 
Parameters Values 
pH (1:5, soil: water) 8.5 
EC (1:5, soil: water) (dSm"^ ) 0.86 
Mechanical composition (%) 
Sand 62 
Silt 25 
Clay 13 
Organic matter (%) 0.45 
Cation exchange capacity (meq 100 g'^ soil) 16.1 
Exchangeable cations (meq 100 g'^ soil) 
Na* 1.1 
K* 0.5 
Ca^* 3.6 
Mg^* 1.2 
Exchangeable nitrogen (ppm) 
N H / - N 36.0 
NO3" - N 7.2 
NO2" - N 28.0 
Phosphorus (ppm) 36.0 
Available metals (ppm) 
Cu 3.00 
Zn 0.59 
Mn 4.96 
Fe 6.24 
Cd ND 
Ni ND 
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Diy shoot weight 
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Conc«rdr»t(on of Cd(ppm) 
Fig. 8.1 Effect of cadmium on tlie pliysiological parameters of chilli (Capsicum 
frutescens) plant 
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Fig. 8.2 Effect of nickel on the physiological parameters of sunflower 
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Fig. 8.3 Percent inhibition of growth as a function of applied cadmium concentration 
on chilli (Capsicum frutescens) plant 
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Fig. 8.4 Percent inhibition of growth as a function of applied nickel concentration on 
sunflower {Helianthus annuus) plant 
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9.1 INTRODUCTION 
Pesticides play significant role in agricultural production. Several pesticides have 
been applied to soil surface in order to protect the crops from deleterious effect of 
insects, fungi, bacteria, viruses as well as grasses. It has observed that, a high 
proportion of these, moves into the soil and gets absorbed on humus fractions, clays 
or it may be incorporated into crops (1-3). The effect of pesticides on soil microbial 
activity has been the focus of great concern to biologist [4, 5]. A study [6] related to 
the integrated use of pesticides and fertilizers revealed a decrease in the removal of 
nutrients by weeds as compared to the herbicide-free management system. 
Conversely, an increase in the consumption of basic nutrients (NPK) by cultivated 
crops is noticed. Several investigations dealing with the effects of various pesticides/ 
insecticides on soil properties, plants growth, and nutrients uptake by certain plants 
[7-16] have also been performed. 
Dimethoate (O, 0-djmethyl S-methylcarbamoylmethyl phosphorodithioate), 
an organophosphorus insecticide has been used to kill mites and insects. Dimethoate 
is of low persistence in the soil environment. It is rapidly broken down by most soil 
microorganisms in moist environment. Dimethoate is highly soluble in water and it 
absorbs only very weakly to soil particles, so it may be subjected to considerable 
leaching [17]. It is degraded by hydrolysis, especially in alkaline soils and evaporates 
from dry soil samples. Losses due to evaporation of 23 to 40% of applied dimethoate 
have been reported [17]. Dimethoate is biodegradable and undergoes rapid 
degradation in the environment as well as in the sewage treatment plants [18]. The 
biodegradation is due to the cleavage of ester linkage by esterase and phosphatase 
activity of organism [19, 20]. Dimethoate is moderately toxic by ingestion, inhalation 
and dermal absorption. Like other organophosphorus, dimethoate is readily 
transferred through the skin. The exposure of dimethoate to visible or uv light or 
high environmental temperatures may enhance its toxicity [21]. Xu and Zhang [22] 
have examined the dimethoate effect on soil microbial activities, such as the 
population of soil microorganism activities, soil respiration, dehydrogenase activity 
and nitrogen fixation. The effect of organophosphorus pesticide pollution on soil 
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animals has also been reported [23]. The results showed that the species and 
quantities of soil animals are decreased with the increase of organophosphorus 
pesticide pollution. An acute toxicity of dimethoate is also reported on some 
metabolic activities of zoosporic fungi [9]. According to Prasad et al. [24] dimethoate 
and monocil have a significant increase in protein along with a decrease in amino 
acid contents in the serum and liver offish. 
Literature survey revealed that, little Information concerning the effect of 
organophosphorus insecticides on soil properties and plants growth is available. 
Therefore, it was considered to evaluate the effect of dimethoate on some available 
nutrients (viz., K, Ca, Mg, P, Cu, Zn, Mn and Fe) of soil, seed germination, growth and 
nutrients uptake by wheat (Triticum aestivum). 
9.2 EXPERIMENTAL 
The soil sample (depth 0-30 cm) was collected from Malhepur village, situated on 
Aligarh-Ramghat Road in district Aligarh (U.P.), India. It was dried, crushed and 
sieved through 100 mesh (BSS). The physico-chemical properties of the soil were 
determined as described in chapter 2. The results are presented in Table 9.1. 
Poly House Experiment 
A poly house experiment was conducted in fourty-two earthen-ware pots. For pot 
experiment, the soil (1 Kg) was dried, crushed, sieved (100 mesh) treated with NPK 
(0.5 g each) followed by treating with varying concentrations of dimethoate (0.0, 2.5, 
5.0, 10.0, 20.0, 40.0 and 80.0 ppm) in the formulation of emulsifiable concentrate 
30%. All the treatments were replicated three times. One kg of this fertilized soil 
treated with dimethoate was taken in each pot. These pots are designated as Dmo, 
Dmi, Dma, Dma, Dm4, Dms and Dme respectively in this paper. The soil in each pot 
was then wetted with distilled water to about 60% of its water holding capacity. 
These pots were kept at 25 ± 3°C, maintaining required moisture level by adding 
distilled water. The treated samples were periodically withdrawn from the pot using 
a soil sampler at intervals of 15 days, after which they were analysed for available 
nutrients on the basis of dry sample. The results are listed in Tables 9.2 and 9.3. 
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Simultaneously, a wheat variety (PBW 343) procured from the QuarsI Agricultural 
Farm, Aligarh were sown @ of ten seeds in a similar series of separate pots. After 
seed germination, the plants were grown for a total period of 90 days. The 
physiological parameters (seed germination, shoot length, root length, fresh shoot 
weight, dry shoot weight and number of tillers) were examined. The results are 
recorded in Fig. 9.1 and the growth pattern of wheat plant in the presence and 
absence of dimethoate is shown in Fig. 9.2. 
Analytical Method 
Plants were removed from the pots, washed properly with distilled water. After that 
dried, completely powdered and subjected to the determination of nutrients. About 
1 g of each plant sample was digested with 10 mL of acid mixture (cone. HNO3 plus 
cone. HCi04, 4:1). The digested mixture was heated on hot plate until the evolution 
of brown fumes is ceased and the mixture is converted into a syrupy liquid along 
with the release of some white fumes. The samples of the syrupy liquid were 
dissolved in 5 mL of cone. HCI, diluted with distilled water, filtered and the volume 
was adjusted to a 50 mL in each case. The solutions so obtained were used for the 
estimation of available nutrients. The results are recorded in Table 9.4. The results 
shown in Tables 9.2-9.4 were subjected to statistical analysis and LSD values were 
calculated using the value of ta t 5% level of significance [25]. 
9.3 RESULTS AND DISCUSSION 
The results obtained have been summarized in Tables 9.1-9.4 and Figs. 9.1 and 9.2. 
The data given in Table 9.1 indicate that the soil used in this investigation was sandy 
loam (Sand 70%). The lower contents of clay (10.38%) and organic matter (0.42%) 
are responsible for less intensive adsorption capability of the soil towards 
organophosphorus insecticide on its surface. The pH of the soil was found to be 7.2, 
which is fairly good for the survival of soil microorganisms and animals, which are 
responsible for the maintenance of soil fertility. The low electrical conductivity (0.45 
dSm' ) of the soil is indicative of the presence of low soluble salt contents. However, 
the soil sample under study contains a considerable amount of available 
143 
macronutrients (K, Ca, Mg and P) as well as micronutrients (Cu, Zn, Mn and Fe). 
Hence the soil is fairly good for the survival of soil microorganisms and animals. 
9.3.1 Effect on Available Nutrients 
The data showing the influence of dimethoate on available nutrients in fertilized soil 
are recorded in Tables 9.2 and 9.3. Each datum in Table 9.2 for individual dose of 
dimethoate represent an average of seven observations noted on 01,15, 30, 45, 60, 
75 and 90 days after application of dimethoate. Similarly, each value presented in 
Table 9.3 for days represents the mean of seven values obtained at different doses, 
viz., 0.0, 2.5, 5.0,10.0, 20.0, 40.0 and 80.0 ppm of dimethoate. 
From the results of Tables 9.2 and 9.3 it is clear that the presence of 
dimethoate in the fertilized soil influences the availability of nutrients, which depend 
upon both the doses and duration of application of dimethoate. The available K and 
Ca contents were found to increase significantly upto 5.0 ppm and 45 days of 
dimethoate application. The availability of both K and Ca was found to decrease 
significantly on further increasing dimethoate dose (i.e. 10.0 - 80.0 ppm) or the 
duration (>45 days) of dimethoate application. No regular effect on availability of Mg 
was observed (Tables 9.2 and 9.3). The observed initial increase in available K and Ca 
contents may be attributed to the enhanced solublization effect due to certain soil 
fungi and bacteria [14, 15]. Conversely, the decrease in K and Ca contents on 
increasing dimethoate dose and duration may be due to the fixation of K* and Ca^ ^ 
ions into non exchangeable sites of the clay lattice as well as reduction in soil 
microbial activity such as population of soil microorganisms, soil respiration, 
dehydrogenase activity and nitrogen fixation, which reduced the solublization effect 
[14,15, 22, 26]. 
As regards to P in fertilized soil, its availability was found to increase 
significantly with the application of dimethoate upto 5.0 ppm and at 30 days. 
However, at higher doses (10.0 to 80.0 ppm) or larger duration of application (e.g. 
>30 days) the availability of P is lowered. These results are in consonance with earlier 
findings [12, 20] where it has been reported that the increase in available P with 
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doses (upto 5 ppm) and days (upto 30) may be due to the decomposition of organic 
matter and/or degradation of dimethoate due to hydrolysis. Conversely the decrease 
in available P with higher doses (10.0 to 80.0 ppm) and days {>30 days) may be due 
to the bacterial / chemical reduction of the phosphorus to phosphine [12] as shown 
below: 
7H 2H 4H 
H,PO, — — — — * • H3PO3 • H3PO2 • PH3 
' ' -H^O ' ' -HjO -2H2O 
It is evident from Table 9.2 that the available Cu, Zn, Mn and Fe contents are 
increased significantly at the lower doses (2.5 to 10.0 ppm) of dimethoate 
application followed by a decreasing trend at higher doses (20.0 to 80.0 ppm). 
Similarly the results presented in Table 9.3 show an increase in available nutrients 
(viz., Cu, Zn, Mn and Fe) with the increase in incubation period upto 45 days. 
However, a reversal trend i.e., decrease in available micronutrients was observed 
during 60-90 days. This behavior of available micronutrients (Cu, Zn, Uln and Fe) in 
the soil is similar to that observed by Singhal et al. [14]. It seems that the application 
of dimethoate at lower dose and /or smaller duration promotes the biological and 
chemical activities of the soil which results in the increase of available 
micronutrients. However, at higher dose and/or longer duration the availability of 
micronutrients is diminished due to the toxic effect of dimethoate. 
9.3.2 Effect on Growth and Nutrients Uptake 
Growth 
It is evident from Fig. 1, that the physiological parameters of wheat viz., seed 
germination increase (upto 5.0 ppm), shoot length, root length, fresh shoot weight, 
dry shoot weight and number of tillers increases (upto 10.0 ppm) of applied 
dimethoate in fertilized soil. The growth of wheat increases at lower doses (2.5 to 
10.0 ppm) and decreases at higher doses (20 to 80 ppm) as shown in Fig. 9.2. 
Nutrients Uptake 
From results listed in Table 9.4, it is evident that the uptake of nutrients (K, Ca, Cu, 
Zn, Mn and Fe) and (Mg and P) increase significantly upto 10.0 ppm and 5.0 ppm of 
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dimethoate respectively. Further increase in dimethoate dose results in the decrease 
of available nutrients. 
The increase in growth patterns and nutrients uptake at lower doses of 
dimethoate might be due to the beneficial effect on Rhizobium spp., Phosphate 
solublizing microorganisms and other soil microorganisms [12-15]. The inhibition 
effect on growth patterns and lowering of nutrients uptake at higher doses of 
dimethoate may be due to the increase in activity of nitrifying bacteria (viz., 
nitrosomonas and nitrobactor) for converting NH*4-N to NO3-N and NO2-N [11, 
27], mycorrhizal symbiosis [28] responsible for altering the growth and adverse 
effect of soil microorganisms as discussed above. 
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Table 9.1 Physico-chemical properties of soil 
Parameters Values 
pH (1:5, Soil : Water) 7.2 
Electrical conductivity (dSm"^) (1:5, Soil : Water) 0.45 
Mechanical composition (%) 
Sand 70.00 
Silt 
Clay 
Organic matter (%) 
Available nitrogen (ppm) 
NH; - N 
NO3 - N 
NO2 - N 
Available nutrients (ppm) 
Macronutrients 
Potassium (K) 
Calcium (Ca) 
Magnesium (Mg) 
Phosphorus(P) 
Micronutrients 
Copper(Cu) 
Zinc (Zn) 
Manganese (Mn) 
Iron (Fe) 
19.62 
10.38 
0.42 
55.5 
37.0 
11.0 
376.0 
3450 
1660 
44.4 
4.4 
1.3 
7.1 
9.6 
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Fig. 9.1 Effect of dimethoate on the physiological parameters of wheat 
(Triticum aestivum) 
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Fig. 9.2 Effect of dimethoate on the growth (shoot and root) of wheat 
(Triticum aestivum) 
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Effect of Some Anions on the Mobility of Amino Acids 
in Soils by Thin Layer Chromatography 
SAMIULLAH KHAN AND A. MOHEMAN 
The mobility rate of some cyclic and aliphatic amino acids in terms of R^  values by using soil-
thin layer chromatography shows the following order: glutamic acid > histidine > valine > 
leucine > serine > alanine. After conducting the studies to determine the effect of some 
anions, viz. MoO/", B p , ^ , Cp^^-,CO^^-, HCOj" and H^PO/on the mobility of those amino 
acids, the mobility of the amino acids was found to increase with the increasing 
concentration of these anions upto a certain limit and thereafter the mobility rate declined 
except in case of glutamic acid which shows a fall in its movement throughout the entire 
range of their application in all cases. The results have been explained on the basis of a 
reaction mechanism involved in the interaction of these anionic species with soil colloids 
and amino acids in soil solution. 
Key words: Amino acids, anions, soil thin layer chromatography 
Introduction 
Among the anionic forms of nutrients, MoO^ '^, 
Bp/-,Cj0^2-, COj^ -, HCOj' and H^PO; are important as these 
are utilized by plants in their anionic forms as such. Among 
these, MoO^^ " and B ^ , " are considered as micronutrients 
and play a vital role in the life prc)cess of plant development. 
Molybdenum is required for the reduction of absorbed 
nitrates into ammonia prior to formation of amino acids. It 
performs this function as a part of enzyme - nitrate 
reductase. Molybdenum is also essential for nitrogen 
fixation carried out by nitrogen fixing bacteria in legumes. 
Responses of legumes to molybdenum application are mainly 
due to its need by the symbiotic bacteria. On the other hand, 
the role of boron is important in sugar transport within the 
plant. Boron has a role in cell division and is required for the 
production of certain amino acids. The application of boron 
in the form of Solubor is preferred as it is highly soluble than 
sodium tetraborate. The calcium boron ratio in leaf tissues 
has been used to assess the boron status of crops. Boron 
deficiency is indicated by ratio > 1200:1 for most crops. The 
total boron in soils varies from 7 to 80 ppm, of which less 
than 5% boron of the total soil is available for plant use. It 
has also been revealed in literature that several organic 
compounds including carboxylic acids are produced in soils 
as a result of chemical and/or biochemical' decomposition 
of organic matter remains in soil environment. These anionic 
species are found to play an important role in the 
translocation of plant nutrients and toxic heavy metals in 
soils. The COj^ ", HCOj' ions are present in soils as these are 
released by their soluble salts. However, phosphorus is the 
major nutrient and required in greater quantity. The most 
essential funcrion of phosphorus in plants is energy 
storage and transfer. An adequate supply of phosphorus is 
required in an early stage of a plant for development of its 
reproductive parts. Phosphorus is also essential for seed 
and stem growth. Phosphatic fertilizers are applied to soils 
by farmers to get higher yields. 
The significance of amino acids is well known in 
relation to soils and plants. Amino acids are found in soils 
as a result of decomposition of proteins and soil organic 
matter^' and play a vital role in biochemical processes*. They 
are absorbed by clay to form clay amino acid complexes' and 
their products such as indoles* act as growth promoting 
substances and hormones in plants. The role of these 
anions on the mobility of amino acids need to be studied to 
know their significance in soil. This prompted to carry out such 
study by using soil thin layer chromatography, which has become 
an inexpensive tool for the mobility determinations in soils'*. 
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Materials and methods 
Samiullah Khan and A Moheman 
The Rj value in each case was calculated using 
The soil (0-30cm) sample was collected from 
agricultural farm of Aligarh Muslim University, situated in 
Aligarh district (U.P.), India. The physico-chemical 
properties of the soil were determined by using analytical 
methods and the values obtained are : sand 62%, silt 25%, 
clay 13%', pH 8.5 (1:5, soil: water), E.C. 0.86 dsm"' (1 -.5, sod: 
water), organic matter 0.45%'°, C.E.C. 16.1 meq lOOg-'soil, 
exchangeable NaM .1 meq lOOg"' soil, K* 0.5 meq lOOg soil, 
Ca^ * 3.6 meq lOOg' soil, Mg^ * 1.2 meq lOOg"' soil", 
exchangeableNH/-N36.0meq lOOg'soil,NOj"-N28.0meq 
lOOg'soU,NO3--N7.2meq lOOg"'soil'^ andP36.0meq lOOg' 
soil". 
For die measurement of mobility in terms of R, 
values, the soil was dried, ground and passed through a 100 
mesh sieve (BSS) so as to get an uniform particle size. A soil 
slurry (1:2, soil: water ratio) was prepared in disdlled water 
and was applied on glass plates (20x5 cm) widi die help of an 
applicator in order to get uniform layer of 0.5nun thickness. 
These plates were then air dried at room temperature 30+ IC". 
Two Unes were scribed at 3 and 13 cm from the base of each 
plate so as to allow a developing distance of 10 cm for the 
study. 
An aqueous solution of 10ml of each amino acid 
(0,2 M) was spotted at the base line on separate TLC plates 
with the help of a micropipette. The plates were developed 
in closed chamber using distilled water (control) and 
various anionic solutions, viz. (0.2 M) of MoO^^ ', BJO/, 
CjO/, COj^; (0.6 M) of HCO3, H^PO/ at constant ionic 
strength (^= 0.6) as a mobile phase and allowed to develop 
upto a distance of 10 cm by ascending chromatographic 
technique. To prevent disintegration of soil in contact with 
developer, wetted strips of filter paper (abeut 2.5'tm V » ^ 
were wrapped around the bottom of plates before the 
development. 
Developed plates were air-dried. The detection of 
amino acids on TLC plates was done by spraying 0.2% 
alcoholic solution of ninhydrin (w/v) and heating in an oven 
at 70-80°C for 10-15 minutes. Amino acids were detected as 
brick red coloured spots, which were stable for several hours. 
relation, 
Rf = 10 
Ri+Rj 
where, 
R^ = Leading distance moved by amino acid. 
Rj = TraiUng distance moved by amino acid. 
(Rj^ +R.f)/2 = The average of leading and trailing distanc 
from the base line. 
Results and discussion 
The Revalues of die cyclic as well as aUphatic amine 
acids (IVible land Fig. 1) in natural soil using distilled watei 
as a mobile phase represent the following order: glutamic 
acid > histidine > valine > leucine > serine > alanine, which is 
in accordance with the same order of molecular weight 
except in the cases of glutamic acid and leucine. The higher 
mobility of glutamic acid compared to histidine may be due 
to die prescence of two carboxylic groups capable with 
enhanced -I effect than imidazole ring present in histidine, 
dius making the glutamic acid less adsotptive due to the 
creation of negatively charge carboxalate ions and thus 
move at die faster rate. The higher mobility of valine dian 
leucine may be due to its higher solubility in water. The 
mobility order: valine > leucine > alanine can be explained 
on the basis of the nature of alkyl groups capable of exerting 
+1 effect making the nitrogen of -NH^ group richer in electron 
density posing unfavourable conditions for making the 
molecule to form zwitter ions. This makes the molecule less 
atti^tive with the negatively charged sites of die soil colloids 
and move in the same order. 
The effect of anionic species on the plant nutrients 
(Table 1 and Fig. 2) indicates that the initial lower 
concentrations of the anions used as mobile phase lead to 
the increase in die amino acids transport dirough soils. But 
at their higher concentrations the mobility is found to 
gradually decrease in most of the cases except in case of 
glutamic acid that followed a decreasing trend dirough out 
the entire study. The increasing ti^end may be attributed to 
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Effect of some anions on the mobility of amino acids in soils 
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Fig. 1: The effect of some anions at constant ionic strength (n=0.6) on the mobility (R,) of amino acids m soil 
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T^ble 1: Effect of some anions at constant ionic strength (n= 0.6) on the mobility (R^ values) of amino acids in soil 
Amino adds 
Alanine 
Serine 
Valine 
Leucine 
Histidine 
0 
0.66 
0.67 
0.78 
0.74 
0.80 
Glutamic acid 0.89 
Alanine 
Serine 
Valine 
Leucine 
Histidine 
Glutamic acic 
Alanine 
Serine 
Valine 
Leucine 
Histidine 
Glutamic acid 
0.66 
0.67 
0.78 
0.74 
0.80 
0.89 
0 
0.66 
0.67 
0.78 
0.74 
0.80 
0.89 
0.05 
0.80 
0.68 
0.79 
0.75 
0.86 
0.85 
0.78 
0.73 
0.76 
0.77 
0.81 
0.81 
0.15 
0.75 
0.77 
0.80 
0.78 
0.82 
0.86 
O.IO 
MoO/-
4 
0.83 
0.70 
0.81 
0.76 
0.85 
0.84 
CA^ 
0.79 
0.71 
0.74 
0.79 
0.82 
0.73 
0.30 
HCO3 
0.79 
0.76 
0.78 
0.80 
0.83 
0.84 
Concentration of anions 
0.15 
0.81 
0.73 
0.83 
0.78 
0.84 
0.82 
0.77 
0.68 
0.72 
0.77 
0.84 
0.70 
0.20 
R, values 
0.78 
071 
0.85 
0.81 
0.80 
0.76 
0.75 
0.64 
0.70 
0.76 
0.80 
0.67 
(ppm) 
0.05 
0.85 
073 
0.80 
0.82 
0.87 
0.86 
0.80 
0.72 
0.90 
0.78 
0.88 
0.84 
ConcmtratitHi of anions (ppm) 
0.45 
0.81 
0.74 
0.76 
0.79 
0.87 
0.80 
0.60 
Revalues 
0.77 
0.71 
0.74 
0.76 
0.85 
0.78 
0.15 
0.76 
0.78 
0.85 
0.83 
0.82 
0.88 
0.10 
BP/-
0.91 
0.76 
0.82 
0.86 
0.92 
0.84 
COj^ 
0.82 
0.75 
0.92 
0.83 
0.90 
0.80 
0.30 
H,PO; 
0.81 
0.79 
0.86 
0.84 
0.85 
0.87 
0.15 
0.90 
0.75 
0.80 
0.91 
0.95 
0.82 
0.79 
0.74 
0.89 
0.80 
0.87 
0.77 
0.45 
0.79 
0.77 
0.83 
0.82 
0.87 
0.86 
0.20 
0.87 
0.70 
078 
0.88 
0.90 
0.79 
0.75 
0.70 
0.85 
0.77 
0.83 
0.74 
0.60 
0.76 
0.74 
0.78 
0.80 
0.79 
0.85 
Values are the mean of three replicates 
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Table 2 : Structures and characteristics of some amino acids'" 
Amino acid 
Alanine 
Serine 
Valine 
Leucine 
Histidine 
Glutamic acid 
Abbreviation 
Ala(A) 
Ser(S) 
Val(v) 
Leu(L) 
His(H) 
Glu(E) 
Molecular 
weight 
89 
106 
117 
131 
155 
Structure 
CH3CHCOH 
NH2 
0 
II 
HOCH,CHCOH 
1 
NH2 
CH3CHCHCOH 
^ 1 
NH2 
CH3 0 
CH,CHCH,CHCOH 
1 
NH2 
0 
1 )^CHiCHOH 
N 1 
H NH2 
0 0 
147 II II 
HOCCH2CH2CHCOH 
1 NH2 
Solubility (g/100 ml 
water) at 25°C 
16.72 
5.023 
7.09 
2.19 
4.29 
0.843 
Isoelectric 
point (pi) 
6.00 
5.68 
5.96 
5.98 
10.76 
3.22 
PK. 
2.34 
2.36 
2.32 
2.21 
1.82 
2.19 
the blocking of the exchangeable/adsorptive sites by the 
preferential adsorption of sodium ions released from the 
respective salts of these anionic nutrients at their lower 
concentrations as follows: 
SOIL> M + N a - X • |SOIL> Na + M*" + X" 
Where M represents naturally occurring cations 
(Ca'*,Mg^*,K*,Na*,etc.) at the exchangeable sites of the soil 
colloids and X denotes MoO^ -^, B p , -^, Cp^, COj^ -, HCO,, 
It is found that the exchangeable or adsorptive sites 
of the soil colloids get blocked. Thus, facilitating the 
movement of amino acids to move at the faster rates. 
However, higher concentrations of these negatively charged 
anions might play a decisive role in the amino acids 
mobilization process due to their interaction with sodium 
saturated soils. This can be explained as : since the soil pH 
is 8.5 and becomes more alkaline with the increasing 
concentrations of the sodium salt of anionic species, as a 
result the adsorbed sodium ions may be converted into their 
hydrated forms that could possibly have exerted an 
attractive influence on these anions through hydrogen 
bonding as: 
SOII>Na—O—H-fX" SOIL> Na—O—H—X" 
Where n = 1,2, the no. of negative charge 
The adsorption of anions through hydrogen 
bonding / Vander waals forces on specific sites is most likely 
to happen as each anionic species contains some active 
oxygen atoms capable of forming hydrogen bond in an 
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alkaline soil medium. This contributes the net negative charge 
sites on the soil system. The electron density on these soil 
systems will vary and is expected to be governed by the 
nature and concentration of the anionic species. The over 
all interaction of the amino acids is expected to be linked as: 
R 
Soir> Na-O-H — X" + NH,^ -CH-COO" • 
R 
Soil> Na-O-H — X" - NH3* - CH - COO" 
Thus, the interaction of amino acids with 
negatively charged soil systems is expected to be governed 
by the ease of zwitter ion formation in the order: 
HO HO 
II II II II 
R-C-C-OH R-C-C-0-I 
NH2 
(amino acid) 
NH3+ 
(zwitter ion) 
glutamic acid> histidinoserine containing 
O 
HOCCH2CH2 r ^ p 2 —.HOCHj— g r o u p s in 
decreasing order of-I effect. On the other hand, the mobility 
order for valine> leucine > alanine having respective groups: 
^ ^ 
C%<H— .CHj-CH-a^, a%— with decreasing order of +1 
effect has provided a basis of their interactive trend with soil 
colloid in the reverse order of their mobility. 
However, the mobility of amino acids through soil 
with varying concentrations of anionic species as their mobile 
phase depends upon the combined effect of the nature and 
concentrations of these ions as well as the nature of the 
amino acids through soil and thus do not follow any specific 
trends as discussed above. The above results are supporting 
the earlier work done and reported"'*. 
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EFFECT OF HEAVY METALS (CADMIUM & NICKEL) ON THE SEED 
GERMINATION, GROWTH AND METALS UPTAKE BY CHILLI 
(Capsicum frutescens) AND SUNFLOWER PLANTS {Helianthus annuus) 
S.U. KHAN AND A. MOHEMAN 
Department of Applied Chemistry, Z.H. College ofEngg. and Tech., Aligarh Muslim University, 
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ABSTRACT 
Pot experiments were conducted to evaluate the phytotoxic behaviour of Cd'* and Ni'* on the seed 
germination, growth, and metals utilization by chilli (Capsicum frutescens) and sunflower 
{Helianthus annuus) plants. The results show the toxicity order being, Cd'*>Ni'*. The Cd'*on chilli 
plant was found to be phytotoxic in the entire range of 75 to 600 ppm of its application with respect 
to control. However, in the case of Ni on sunflower plant showed a beneficial effect as its lower 
concentration from 75 to 150 ppm and thereafter became phytotoxic at higher concentration upto 
600 ppm of its entire range studied. The sequence of the plants growth and metals utilization 
revealed the symptoms of beneficial and phytotoxic behaviour of these heavy metals in soil 
environment. The results have been explained on the basis of changes in bioactivity and chemical 
behaviour of Cd'* and Ni'* ions in soil environment. 
Key words : Cadmium, Nickel, Metals uptake. Plants (Chilli and Sunflower) 
INTRODUCTION 
Among heavy metals Cd and Ni were considered to 
be among non essential elements needed for the 
hccilthy growth of plants, animals and soil microbes. 
However, the recent literature survey available on 
internet "A periodic table of the elements from 
mineral institute" is suggesting that nickel is an 
essential elements in many species of plants and 
animals. It interact with iron found in haemoglobin 
and he lps in oxygen t ranspor t , s t imulate the 
metabolism as well as being regarded as a key metal 
in several plants and animals enzymes systems. 
Rates raised on a nickel poor diet tend to develop 
liver damage in their biological systems. It has 
shown relief to the patients suffering an acute heart 
or asthma attack when this injected through their 
veii\s in emergency situations. However, the role of 
cadmium has been reported to be a toxic elements 
and has a tendency to replace zinc biochemically, 
causes high blood pressure , k idney damage , 
destruction of testicular tissue and red blood cells, 
toxicity to aquatic biota and acts as an effective 
enzyme inhibi tors . It has affinity for su lphur 
containing l igands eg: -SCH^ and -SH in 
methionine and cysteine amino acids, which is the 
part of the enzyme structure. Metal loenzymes 
contain metal such as zinc in their structures. The 
action of zinc is inhibited when is replaced by atoms 
of similar size like Cd which leads to Cd toxicity. 
Further more, these heavy metal accumulation is 
reported in variety of plants such as maize, feimel 
plants (Clark et al, 1999; EL-Kassas, H.I., 1999). The 
amount of P uptake is found to decrease in plant 
seedl ing as a resul t of Ni and Cd treatments 
(Ahonen-Jonnarth, Ulla and Finlay, Roger D., 2001). 
The role of heavy metals on the plants growth, and 
nutrients uptake reveal that their effect is not fixed 
but vary and depends on the nature of the metal 
and type of the plant species, physico-chemical 
properties of the soil such as pH, nature and extent 
of clay minerals, exchangeable cations and soil 
organic matter (Khan et al, 1982; Khan et al, 1983; 
Khan, S.U. and Khan, N.N. 1983; Khan et al, 1996; 
Khan et al, 1999 and Liu et al, 1992). 
However, the work on these lines are limited and 
it was thought worthwhile to study the effect of Cd 
and Ni on the seed germination, growth and metals 
uptake by chilli {Capsicum frutescens) and sui\flower 
{Helianthus annuus) plants, which is still lacking in 
literature. 
MATERIALS AND METHODS 
The soil sample (0-30 cm.) used in these 
investigation was an illitic fine sandy loam collected 
from agr icu l tu ra l farm of Aligarh Muslim 
•<V' ^ ' c.^ ^ 
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University, Aligarh (U.P.), India. The Physico-
chemical properties of soil were : Sand 62%, Silt 
25%, Clay 13% (Piper, 1950); pH 8.5 (1:5, soil : 
water); E.C. 0.86 dsm"' (1:5, soil : water); Organic 
matter 0.45% (Walkley and Black, 1947); C.E.C. 16.1 
meq 100 g ' soil; Exchangeable Na* 1.1, K* 0.5, Ca^ * 
3.6, Mg^ * 1.2 meq lOOg' soil and Fe^^ '^* 6.24 ppm 
Gackson, 1958); Exchangeable NH/-N 36.0, NO^-N 
28.0, NO3--N 7.2 (Hesse, 1971); P 36.0 (Olsen, 1954); 
Cu^ * 3.0,2jn}* 0.59, Mn^ * 4.96, Cd^* nil, Ni^ * nU ppm 
(Tondon, 1993). 
Pot experiments were conducted to evaluate the 
physiological parameters of chilli and sunflower 
plants. For pot experiment, the soil was air dried, 
crushed and sieved through 100 mesh sieve (BSS) 
and then it was filled in earthenware pots (2 kg per 
pot) contaiiung varying quantities (0, 75,150, 300, 
600 ppm) of aqueous solution of cadmium and 
ruckel as their chloride and rutrate salt respectively. 
The difference of NO," contents in different pots was 
balanced by adding requisite quantity of urea to 
avoid its effect on growth patterns. All the 
treatments were replicated three times and received 
a basal dressing of N, P, K at 0.5g N, 0.5g P, 0.5g K 
per kg soil. Fertilizer and treatment solutions were 
manually mixed in the soil. The soil, in each pot, 
was then wetted with distilled water to about 60% 
of its water holding capacity. Out of the certified 
seeds of chilli and sunflower procured from the 
Quarsi goverrunent agricultural farm, Aligarh, ten 
seeds of each variety were sown in each pot for 
every treatment in three replicates. The pots were 
kept at 35 ± 1°C in a green house, while maintciining 
moisture levels by adding distilled water when 
necessary. After seed germination, the sprouts were 
equally thinned and allowed to grow for a total 
period of 90 days. The physiological parameters 
such as seed germination, number of leaves, shoot 
length, root length, fresh shoot weight and dry 
shoot weight were examined. 
Plants were removed from the pots and were 
properly washed with distilled water. After that, 
these were dried and grounded for the 
determination of Cd, Ni and other metal nutrients 
such as Na K, Ca, Mg, Cu, Zn, Mn and Fe. Out of 
these one gram sample of each treatment was 
digested with 10 ml of acid mixture containing 
HNO3: HCIO^ (4:1). The digested samples were 
heated on a hot plate till the brown fumes ceased 
and the digested material is converted into a syrupy 
liquid with some white fumes (Piper, 1950). The 
sample of the syrupy liquid were dissolved in 5 ml 
of cone. HCl and diluted with distilled water. To 
obtain the clear solutions, they were filtered and 
then adjusted to a volume of 50 ml in each case. The 
amovmts of metals uptake for Na, K and Ca were 
estimated from these solutions by using 
"Systronics" flame photometer. Iron by 
spectrophotometer. The quantity of calcium plus 
magnesium was determined by EDTA titration 
using eriochrome black. "T" indicator at pH 10 
(Jackson, 1958). The amount of magnesium was 
then calculated by subtracting the value of Ca from 
Ca plus Mg. The concentration of Cd, Ni, Cu, Zn 
and Mn were estimated by double beam atomic 
absorption spectrophotometer (GBC-902). 
RESULTS AND DISCUSSION 
An examirtation of results (Table 1 and Fig. 1) shows 
that the growth of chilli plant decreased signifi-
cantly as a result of increasing doses of Cd 
application through out the entire range of its 
amendment in soil. The % age inhibition patterns 
for various physiological parameters being SG : 
8.88.17.77,25.50,27.77; NL: 7.60,13.58,15.76,18.47, 
SL: 18.89,19.75, 22.01, 29.37; RL:1.15, 10.26, 13.49, 
18.80; SW,: 17.36, 27.75, 33.94, 54.16; SW :^ 25.95, 
31.87, 37.94, 55.28 for varying concentrations (75, 
150,300,600 ppm) of Cd treatments over control in 
respective treatments (Fig. 3). However, in case of 
Ni treatments the results (Table 2 and Fig. 2) on 
sunflower plants shows a beneficial effects of 
various parameters. The enhancement of growth in 
%age being, SG: 2.5, 22.5; NL: 10.0, 25.0; SL: 4.60, 
9.53; RL: 17.66, 51.66; SW,: 11.27, 92.81; SW :^ 7.49, 
42.23 at its lower concentrations (75,150 ppm) and 
thereafter, an inhibitory trend in growth is noticed. 
The %age iiAibition in growth patterns were, SG: 
6.25, 25.0; NL: 15.0, 12.5; SL: 8.22, 19.07; RL: 8.33, 
67.33; SW,: 13.15, 91.65; SW^: 18.82, 82.81 at its 
higher concentrations (300, 600 ppm) in soil over 
control respectively as shown in (Fig. 4). Thus, it 
was concluded that the toxicity order for these 
metals being Cd>Ni. The results (Table 1 and 2) 
were found to be statistically sigiiificant at 5% levels 
of confidence in most cases. 
The results on the metals uptake (Tables 3 and 4) 
show the similar trends as indicated in the case of 
physiological parameters (Tables 1 and 2) for both 
chilli and sunflower plants as a result of Cd and Ni 
treatments. The beneficial effect of Ni as its lower 
concentration (75 to 150 ppm) may be attributed 
due to their adsorption over soil colloids on the 
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Table 1. Effect of cadmium on the physiological parameters of chilli (Capsicum frutescens) plant 
Doses of 
Cd (ppm) 
0 
75 
150 
300 
600 
LSD at 
5% level 
SG 
(%) 
90.0 
82.0 
74.0 
67.0 
65.0 
6.696 
Table 2. Effect of nickel on 
Doses of 
Ni (ppm) 
0 
75 
150 
300 
600 
LSD at 
% level 
SG (%) 
80.0 
82.0 
98.0 
85.0 
60.0 
7.660 
NL 
(per plant) 
92.0 
85.0 
79.5 
77.5 
75.0 
9.208 
Parameters 
SL 
(cm/plant) 
57.7 
46.8 
46.3 
45.0 
40.75 
3.914 
RL 
(cm/plant) 
43.35 
42.85 
38.90 
37.50 
35.20 
3.002 
SW, 
(g/plant) 
26.66 
22.03 
19.26 
17.61 
12.22 
2.806 
the physiological parameters of sunflower (Helianthus annuus) plant 
NL 
(per/plant) 
20.0 
22.0 
25.0 
23.0 
17.5 
5.267 
Parameters 
SL RL 
(cm/plant) (cm/plant) 
76.0 
79.5 
83.25 
82.25 
61.5 
4.121 
15.0 
17.65 
22.75 
17.75 
4.9 
5.436 
SW, 
(g/plant) 
17.77 
22.0 
38.12 
22.37 
1.65 
4.479 
SW, 
(g/plant) 
7.09 
5.25 
4.83 
4.40 
3.17 
0.858 
SW, 
(g/plant) 
5.47 
5.88 
7.78 
6.5 
0.94 
0.371 
Values are mean of three replicates 
SG = Seed Germination, NL=No. of Leaves, SL=Shoot Length, 
RL = Root Length, SW,=Fresh Shoot Weight, SW,=Dry shoot v/eight 
Table 3. Effect of cadmium on the metals uptake by chilli {Capsicum frutescens) plant 
Doses of applied 
Cd (ppm) 
0 
75 
150 
300 
600 
Values are mean 
Mn 
57.5 
52.5 
50.0 
47.5 
42.0 
of three 
Zn 
25.0 
23.0 
22.0 
21.5 
20.0 
! replicates. 
Table 4. Effect of nickel on the metals 
Doses of 
applied Ni 
(ppm) 
0 
75 
150 
300 
600 
Kn 
35.0 
40.0 
52.5 
35.0 
25.0 
Zn 
23.0 
25.0 
28.0 
23.0 
22.5 
Fe 
50.0 
48.0 
46.0 
36.0 
32.0 
uptake by 
Metals concentration (ppm) 
Cu 
5.5 
5.0 
4.5 
3.5 
3.0 
sunflower i 
Na 
17200 
14500 
14000 
13600 
13250 
K 
29200 
28750 
28250 
27750 
25000 
[Helianthus annuus) plant 
Metals concentration (ppm) 
Fe 
32.0 
46.0 
50.0 
40.0 
26.0 
Cu 
2.35 
2.45 
2.75 
2.35 
2.25 
Na 
12050 
12700 
14450 
13150 
11400 
K 
23500 
24000 
37000 
23750 
22250 
Ca 
4895 
4865 
4850 
4775 
4615 
Ca 
4105 
4675 
4900 
4800 
4600 
Mg 
2470 
2445 
2385 
2330 
2270 
Cd 
uptake 
0.0 
41.5 
75.0 
80.0 
180.0 
Ni uptake 
Mg 
2290 
2515 
2675 
2475 
2265 
(ppm) 
0.0 
12.5 
18.0 
30.0 
45.0 
Values are mean of three replicates. 
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Fig. 1. Effect of cadmium on the physiological parameters of chilli 
{Capsicum frutescens) plant. 
exchangeable sites through ion exchange process 
capable of releasing plant nutrients elements in 
greater amounts required for healthy growth of 
plants and soil microbes with enhanced activity. 
However, Cd throughout the entire range (75 to 600 
ppm) and Ni at higher concentration (300 to 600 
ppm) become fatal for the soil microbes resulting in 
their diminished activity for releasing the plant 
nutrients (Khan et ai, 1983; Wang, Xu, Yoa and Xie, 
2003; Yusuf et al, 2002). The Cd uptake in case of 
Chilli plant is more than the Ni in sunflower plant 
(Fig. 5) that might be due to its more stable complex 
forming or upholding tendencies with organic 
ligand than Ni, that followed the toxicity order Cd 
> Ni with the plant root sap as well as with the 
humic and fulvic acids fractions of soil organic 
matter contents. The results are in agreement with 
the findings of earlier workers (Hosono et ai, 1979; 
Walker et al, 1977) who showed a similar view that 
the heavy metals toxicity and uptake depends upon 
the complex forming tendencies and its 
concentration with plant root sap. Thus, it was 
revealed that the soluble metal organic matter 
complexes in soil moved in to root zone and enter 
the root hairs as such (Barber et ai, 1963) through 
cell membrane. The stability constants for most of 
the metals i.e. Na, K, Ca, Mg, Cu, Zn, Mn, Fe, Cd 
and Ni etc. were reported to be nearly equal in the 
fulvate model (Spasito G. et ai, 1981). Thus, the 
competitive effect in the complexation of metals 
with the organic ligands play a vital role in their 
mobilization process into the plants emd follow the 
selectivity rule (Frausto-da-Siliva J.J.R. and 
Williams, R.J.P. 1976; White et ai, 1982). This 
suggests that the selectivity of ligand for a given 
metal is proportional to the product of relative 
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A polyhouse experiment was conducted to evaluate the effect of Mo as sodium molybdate on growth and 
nutrients concentration of tomato {Lycopersicum esculentum) and black gram {Phaseolus mungo) plants. 
The beneficial effects on growth were noticed at lower doses of Mo upto 0.10 and 0.20 ppm in case of 
tomato and black gram plant respectively, thereafter a phytotoxic behaviour was observed. The results of 
plants analysis showed an increase in the concentration of nutrients viz: K, Ca, Mg and Cu upto 0.10 ppm 
in case of tomato plant, thereafter they tend to decline on increasing doses of Mo. The concentration of 
Mn and Fe increases and that of Zn decreases throughout the entire concentration (0 05 to 0.80 ppm) of 
Mo application. There was no effect of degree of Mo concentration in the uptake of Na by tomato plant. 
However in case of black gram plant the concentration of K, Ca, Mg, Cu, Zn, Mn and Fe increases upio 
0.20 ppm, after they tend to decline on increasing doses of Mo. The Na content was found to increase 
with the increasing concentration of Mo over the entire range (0.05 to 0.80 ppm). The results have been 
explained on the basis of chemical nature of organic ligands present in plant xylem sap contents to form 
complexes, translocation through plant sap and nodulation in leguminous plant. 
INTRODUCTION 
Among micronutrients, Mo is considered to be essential 
for healthy plant growth. Mo is reported to promote the 
process of nitrogen fixation (nodulation) by symbiotic 
nitrogen fixing bacteria and the reduction process of 
nitrate by the enzyme nitrate reductase [1,2]. The growth 
and development of plants by the application of Mo is 
attributed to its involvement in the process of absorption 
and translocation of iron in plants through roots. Thus, the 
Mo level of the soil is a key factor for growth of certain 
plants. The amount of Mo availability in soil varies with 
soil type, being maximum in organic matter containing 
soil. Like nitrogen and iron. Mo deficiency exerts 
deleterious effea on the growth and flowering of plant 
Flower abortion is very common in plant grown on soil 
deficient in Mo. Thus, the analysis of soil and plants 
becomes essential to assess the cause of the deficiency {1-
4]. Overapplication of Mo on crop can cause a disease 
called "Molybdenosis" heart disease and scouring in 
ruminant animals. Researchers have observed that some 
plant species are endemic to metalliferrous soils and can 
tolerate greater than usual amounts of heavy 
metals/micronutrients or other toxic compounds [5-8]. 
Several workers have observed [9-14] that Mo 
application to soil affects the yield, protein content, 
nutrient uptake and growth of plants. Laltlanmawia et al 
"' have reported that Mo application to soil has significant 
effect on the number of nodules in leguminous plant 
(Soybean), which are responsible for Nj-fixation by the 
enzyme nitrogenase. Li et al. *"'- and Wang et al, " " have 
examined the effect of Mo on growth and nitrate 
reductase activity' of winter wheat seedlings under 
different experimenlal conditions of temperature and 
nitrogen fertilizer treatments. The studies related to tlie 
role of heav\- metals on tlie pUmt growth and nutrients 
uptake [12-14] clearly demonstrate that their effect 
depends on the nature of the metal, type of plant and 
physico-chemical properties of the soil. 
Compared to Ni, Cr, Cu, Zn, Cd and Pb etc., li\tle 
information is available in literature [15-24] on the role ol 
Mo on various crops. Therefore, it was thought 
worthwhile to study the effect of Mo on the growth and 
nutrients concentration of tomato {Lycopersicum 
esculentum) and black gram {Phaseolus mungo) plants. 
EXPERIMENTAL SECTION 
The soil 
The soil sample [0-30 cm] used in these investigation was 
an illitic fine sandy loam collected from representati\ c 
area of Aligarh district (U.P), India. The soil was air 
dried, crushed and sieved through 100 mesh (B.S.S.) sieve 
and thai physico-chemical properties of the soil were 
determined viz: Sand 62%, Sih 25%, Clay 18% [25); pH 
8.46 (1:5, soil:water); Electrical conductivity (EC) 4.8 x 
10"^  m Mhos cm'; Organic matter 0.45% [26]; Cation 
exchange capacity (C.E.C.) 16.1 meq lOOg' soil; 
Exchangeable Na' 1.1, K* 0.5, Ca^ * 3.6, Mr* 1,2 
meq/lOOg"' soil and Fe 11.0 ppm [27]; Available Cu 1 59. 
Mn 13, Zn 0.29 and Mo 0.02 ppm [28], 
Poly house experiment 
A poly house experiment was conducted in fifty-six 
earthen pots. The pots were cleaned and coated witli 
coaltar to prevent the absorption of salt solution. The soil 
was treated with aqueous solutions of sodium molybdate 
at varying concentrations (0.00, 0.050, 0.10, 0.20, 0,40. 
0.60 and 0.80 ppm). All the treatments were replicated 
four times and received a basal dressing of NPK and 
gypsum at 0.5g N, 0.5g P, 0.5g K and 0.5g CaSO, per kg 
soil. Fertilizers and treatments solutions were nian\iai)> 
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mixed 111 tlie soil. One Kg of the amended soil was taken 
in cacli pot. Those pots were referred as Moi, M02, M03, 
M0.1. M05. MOft and M07 respectively in this paper. The 
soil in each pot, was then wetted with distilled water to 
about 60% of Its water holding capacity. Out of the 
certified seeds of tomato, ten seeds sown in each pot in 
four replicates. The pots were kept at 35 + 1°C in a poly 
house, while maintaining moisture levels by adding 
distilled water when necessary. After seed germination 
the sprouts were equally thinned (two per pot) and allow 
to grow for a total period of 90 days. The physiological 
parajneters such as shoot height, fresh slioot weight, root 
length and fresh root weight were recorded and taken for 
ajial)\S)s. 
Anai>aical methods 
One gram of the air dried and grounded plant samples 
were digested with 10 ml of acid mixture containing 
concentrate HNO3 and HCIO4 (4:1). The digested mixture 
was heated on a hot plate till brown fumes cease and 
converted to a syrupy liquid along with some white fumes 
(25). The samples of the syrupy liquid were dissolved in 
5ml of Cone. HCl and diluted with distilled water. To 
obtain the clear solutions, they were filtered and then 
adjusted to a volume of 50 ml in each case. The solutions 
obtamed were used for the estimation of plant nutrients. 
The Na and K were estimated by using systronic flame 
photometer. The amounts of Ca plus Mg were estimated 
by versenate (EDTA) titration using a buffer solution 
(pH-lO) and eriochrome black-'T' indicator. The amount 
of Ca was estimated by EDTA titration using mureoxide 
indicator. The amount of Mg was then calculated by 
substracting the volimie of EDTA used for Ca from the 
valume of EDTA used for Ca plus Mg. Cu, Zn, Mn and 
Mo were estimated by using GBC-902 double beam 
atomic absorption spectrophotometer. Fe was determined 
by spectrophotometer)'. Statistical analysis of variance 
wasi made on all data and least significant differences 
(LSD) at 5% levels were calculated using the value of t at 
5% level of significance [29]. 
RESULTS AND ANALYSIS 
Tlie data presented in Tables 1 and 2 show that the growth 
of both tomato and black gram in terms of shoot height, 
fresh shoot weight, root lengili and fresh root weight 
increased significantly on the application of Mo in soil at 
concenualion levels of 0.05 to 0.10 ppm and 0.05 to 0.20 
ppm respectively £^  compared to control soil system (i.e. 
soil without Mo). However, a reverse trend i.e. the 
decrease in gro\vih of tomato and black gram plants was 
noticed at higher doses of Mo 0.20 to 0.80 ppm in case of 
tomato and 0.40 to 0.80 ppm in case of black gram. This 
phenomena may be attributed to the increase in uptake of 
K, Ca and Mg nutrients by plants (tomato and black 
gram) at lower doses of Mo in soil and decrease at higher 
doses as evident from data presented in Tables 3 and 4. It 
appears that higher concenuation levels of Mo in soil is 
injurious for the uptake of K, Ca and Mg by plants. Our 
results are in consonance with the findings of earlier 
workers [30,31] who showed that the heavy metal toxicity 
depends upon the concentration level of one or more 
nutrients (Na, K. Ca, Mg, Cu. Zn, Mn and Fe etc.) within 
the phmts. 
From tlie data listed in Tables 3 and 4, following tfends 
are noticeable: 
Tomato plants 
(a) The K, Ca, Mg and Cu contents inaeased 
significantly at (0.05 to 0.10 ppm) and thereafter, 
decreased at higher doses (0.20 to 0.80 ppm) of Mo 
in soil. 
(b) The Mn and Fe contents increased and Zn decreased 
throughout the entire range (0.05 to 0.80 ppm) of Mo 
apphcation in soil. 
(c) TTie Na content remains unaffected. 
Black gram plants 
(a) The K, Ca, Mg, Cu, Zn, Mn and Fe contents 
increased at (0.05 to 0.20 ppm) and thereafter, 
decreased at higher doses (0,40 to 0.80 ppm) of Mo 
in soil. 
(b) The Na content increased throughout the entire range 
(0,05 to 0.80 ppm) of Mo application in soil. 
It is well known that complexes in soil moved to root 
zone and enter the root hair through cell membrane as 
such [321. The stability constants for most of the metals 
i.e., Na, K, Ca, Mg, Cu, Zn, Mn, Fe and Mo etc. were 
reported to be nearly equal in the fulvate model [33]. 
Thus, the competitive effect in the complexation of metals 
with the organic ligands takes place and selectivity rule is 
followed. It suggest that the selectivity of ligand for a 
' given metal is proportional to the product of conditional 
stability constant for metal ligand complex and total 
molar concentration of metal. The K, Ca, Mg, and Cu in 
tomato plant show higher selectivity to organic ligands 
and hence their concentration is increased in plant at 
lower doses of Mo (0,05 to 0.10 ppm), whereas at higher 
doses (0.20 to 0.80 ppm) of Mo, an opposite trend i.e., 
decrease in concentration of nutrients in plants was 
observed. It may be due to the lowering in selectivity of 
nutrients towards organic ligands due to competitive 
effect of Mo with K, Ca, Mg and Cu for uptake by the 
plants. There was no effect of degree of Mo concentration 
in the iqrtake of Na by tomato plant. However, with the 
increase in Mo doses, the Mn and Fe contents in tomato 
plant was found to increase whereas that of Zn showed 
trend of gradual decrease in the plant. It may be due to 
different chemical beliaviour of tomato .xylem sap witli 
Mn, Zn and Fe [341. 
In case of black gram plant, nutrients (K, Ca, Mg, Cu, Zn, 
Mn and Fe) show higher selectivity towards organic 
ligands at lower doses of Mo (0.05 to 0.20 ppm) and 
lower selectivity at higher doses (0.4 to 0.80 ppm) of Mo 
(Tables 3 and 4). It indicates that higher concentration of 
Mo in the soil results in the decrease of level of nutrients 
in the black gram plants. The Na content was found to 
increase with the increase in concentration of Mo over the 
entire range (0.05 to 0.80 ppm). 
Fig. 1. shows that the Mo uptake in case of tomato plant 
is higher than black gram plant h may be due to the 
formation of more stable complexes of Mo with tomato 
xylum s ^ content. Thus the toxicity order of Mo is 
tomato plant > black gram plant. 
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Table 1. Effect of Mo on shoot height, fresh shoot weight, root length and fresh root weight of tomato 
{Lycopersicum escutentum) plant 
Dose of Mo 
(ppm) 
0.00 
0,05 
0.10 
0,20 
0,40 
0.60 
0,80 
Code for Mo 
amended soil 
Moi 
M02 
M03 
M04 
M05 
MOfi 
M07 
LSD at 5% level 
Shoot height 
(cm/plant) 
24.5 
27.5 
31.0 
27.0 
23.5 
23.0 
21.0 
3,18 
Fresh Shoot 
weight 
(g/plant) 
5.6 
6.3 
6.7 
5.5 
4.9 
3,9 
3.2 
0.41 
Root length 
(cmi/plant) 
21.0 
25,0 
28.0 
25.0 
20,0 
18,0 
17,2 
2.95 
Fresh Root 
weight 
(g/plant) 
0.6 
0.9 
1.3 
1.0 
0.7 
0,5 
0,4 
0,20 
Table 2. Effect of Mo on shoot height, fresh shoot weight, root length and fresh root weight of black gram 
{Phaseolus mungo) plant 
Dose of Mo 
(ppm) 
0,00 
0.05 
0.10 
0,20 
0.40 
0,60 
0.80 
Code for Mo 
amended soil 
Moi 
M02 
M03 
M04 
M05 
M06 
MOT 
LSD at 5% level 
Shoot height 
(cm/plant) 
8.4 
9.2 
9.9 
11.9 
11.0 
9,4 
8.1 
0.53 
Fresh Shoot 
weight 
(g/plant) 
0.4 
0.5 
0.7 
1.1 
0.9 
0.6 
0,3 
0.21 
Root length 
(cm/plant) 
4.8 
6.0 
7.0 
9.0 
7,6 
5.8 
4.2 
0,66 
Fresh Root 
weight 
(g/plant) 
0.08 
0,2 
0.3 
0,6 
0,5 
0,2 
0,06 
0.06 
Table 3. Effect of Mo on the nutrients concentration of tomato 
(Lycopersicum esculentum) plant 
Dose of Mo 
(ppm) 
0.00 
0,05 
0,10 
0.20 
0.40 
0.60 
0.80 
LSD at 
Code for Mo 
amended soil 
Moi 
M02 
M03 
M04 
M05 
Mof, 
M07 
5% of level 
Na 
0.18 
0.21 
0.23 
0.18 
0.19 
0.21 
0.19 
0.02 
ppmx 
K 
1.80 
2.20 
2.70 
1.90 
1.75 
1,54 
1,40 
0.11 
Nutrients concentration 
10" 
Ca 
0.79 
0.98 
0.110 
0.70 
0.65 
0,54 
0.49 
0.15 
Mg 
0.27 
0.32 
0.35 
0.28 
0.23 
0.19 
0.18 
0.02 
Cu 
25.0 
28.0 
32.0 
26.0 
22.0 
19.0 
18.0 
3.22 
ppm 
Zn 
68.0 
62.0 
57.0 
53.0 
48.0 
45.0 
41.0 
3.69 
Mn 
16.0 
21.0 
25.0 
28.0 
29.0 
29.0 
35.0 
2.61 
Fe 
110 
220 
280 
310 
330 
360 
370 
17.37 
T^ 
Table 4. Effect of Mo on the nutrients concentration of black gram 
(Phaseolus mvngo) plant 
Dose of Mo 
(ppm) 
0.00 
0.05 
0.10 
0.20 
0.40 
0.60 
0.80 
LSD at 
Code for Mo 
amended soil 
MO] 
M02 
M03 
M04 
M05 
M06 
M07 
5% of level 
Na 
0.96 
1.05 
1.14 
1.32-
1.46 
1.59 
1,74 
0.11 
ppmx 
K 
1.19 
1.28 
1.42 
1.82 
1.56 
1.21 
1.00 
0.04 
Nutrients concentration 
10" 
Ca 
0.94 
1.00 
1 21 
1.41 
1.28 
1.15 
0.90 
0.10 
ppm 
Mg 
0.40 
0.54 
0.66 
0.84 
0.71 
0.58 
0.32 
0.03 
Cu Zn 
2.5 19.8 
2.8 24.0 
3.0 29.0 
3.5 37.0 
3.1 31.0 
2.7 21.0 
2.3 18.1 
0.27 2.87 
Mn 
39.0 
43.0 
45.5 
51.0 
47.0 
44.0 
37.0 
2.29 
Fe 
44.0 
49.0 
52.2 
59.0 
53.0 
49.0 
42.0 
2.70 
4 1 
3.5 -
3 
I 2.5 
a. 
t 2 • 
i 5^ 
1 
0.5 
0 
iTomato 
I Black gram 
M01 M03 M04 M05 
Mo amednded soil samples 
Moe M07 
Fig.1. Effect of added Mo at different concer\tration levels on the uptake of Mo by tomato and 
black gram plants from Mo amended soil 
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The effect of dimetboate (O.O-dimethyl S-methykarbamoylmethyJ phospborodJthioate) on available 
nutrients of fertilized soil, seed gennination, grov^ and nutrients uptake by wheat were examined and 
LSD at 5% calculated. The presence of dimetboate in the fertilized soil afTects the availability of 
nutrients, seed germination, growth and nutrients uptake by wheat.The available nutrients in fertilized 
soil and their uptake by wheat were found to increase significantly at lower doses and smaller duration of 
application of dimetboate. Likewise, the availability of P and their uptake also increases significantly 
upto S.O ppm and for 30 days of dimetboate application. An irregular pattern was noticed for the 
availability of Mg at different doses and days of dimetboate application in fertilized soil. The beneficial 
effect on seed germination and growth was observed up to S.O ppm and 10.0 ppm of dimetboate 
respectively, thereafter a phytotoxic behaviour was observed. The results have been explained on the 
basis of soU microbial activity, solublization effect and chemical doses and duration. 
INTRODUCTION 
Pesticides play significant role in agricultural production. 
Several pesticides have been applied to soil surface in 
order to protect the crops from deleterious effect of 
insects, fungi, bacteria, viruses, as well as grasses. It has 
been observed that, a high proportion of these, moves into 
the soil and gets absorbed on humus fractions, clays or it 
may be incorporated into crops [1-3]. The effect of 
pesticides on soil microbial activity has been the focus of 
great coDcein to biologist [4,5]. A study [6] is related to 
the integrated use of pesticides and fertilizers revealed a 
decrease in the removal of nutrients by weeds as 
compared to the herbicide-free management system. 
Convosely, an increase in the consumption of basic 
nutrients (NPK) by cultivated cr<^ is noticed. Several 
investigations dealing with the effects of various 
pesticides/ insecticides on soil properties, plants growth, 
and nutrients uptake by certain plants [7-16] have also 
been performed. 
Dimetboate (0,0-dimethyl S-methylcarbamoybnethyl 
phosphoFodithioate), an organophosphorus insecticide has 
been used to kill mites and insects. Dimetboate is of low 
persistence in the soil environment. It is rapidly broken 
down by most soil microorganisms in moist environment 
Dimetboate is highly soluble in water, and it absorbs only 
very weakly soil particles, so it may be subjected to 
considerable leaching [17]. It is degraded by hydrolysis, 
especially in alkaline soils and evaporates from dry soil 
samples. Losses due to evaporation of 23 to 40% of 
applied dimetboate have been reported [17]. Dimetboate 
is biodegradable and undergoes rapid degradation in the 
environment as well as in the sewage treatment plants 
[18]. The biodegradation is due to the cleavage of ester 
linkage by esterase and phosphatase activity of organism 
[19,20]. Dimetboate is moderately toxic by ingestion. 
inhalation and dermal absorption. Like other 
organophosphorus, dimetboate is readily transferred 
through die skin. The exposure of dimetboate to visible or 
uv l i^t or high enviroiunental temperatures may enhance 
its toxicity [21]. Xu Bujin and Zhang Youngxi [22] have 
examined the dimetboate effect on soil microbial 
activities, such as the population of soil microorganism 
activities, soil respiration, dehydrogenase activity and 
nitrogen fixation. The effect of ot^ gaitophosphorus 
pesticide poUutioa on soil animals has also b^n reported 
[23]. The results showed that the species and quantities of 
soil animals are decreased with the increase of 
organophosphorus pesticide pollution. An acute toxicity 
of dimetboate is also reported on some metabolic 
activities of zoosporic fungi [9]. According to Prasad et 
al., [24] dimetboate and monocil have a significant 
increase in protein along with a decrease in amino acid 
contents in the serum and liver offish. 
Literature survey revealed that, little information 
concerning the effect of organophosphorus insecticides on 
soil properties and plants growth is available. Therefore, it 
was considered to evaluate the effect of dimetboate on 
some available nutrients (viz., K, Ca, Mg, P, Cu, Zn, Mn 
and Fe) of soil, seed germination, growth and nutrients 
uptake by wheat {Triticum aestivum). 
EXPERIMENTAL SECTION 
The soil sample (depth 0-30 cm) was collected from 
Malhepur village, situated on Aligarh-Ramgbat Road in 
district Aligarh (U.P.), India. It was dried, crushed and 
sieved through 100 mesh (British standard sieve, B.S.S.), 
The physico-chemical properties such as mechanical 
composition viz., sand, silt and clay [25], pH, electrical 
conductivity, organic maUer [26], and available P[27] of 
the soil were determined. The available K and Ca [28] 
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contents were estimated with the aid of systronic flame 
photometer. The amount of Ca plus Mg [28] was 
detennined by EDTA titration using a buffer solution 
(pH-10) and eriochrome black "V indicator. The amount 
of Mg was then calculated by subtracting the value of Ca 
from Ca plus Mg. The concentrations of available Cu, Zn, 
Mn and Fe were determined by GBC-902 double beam 
atomic absorption spectrophotometer [29]. The results are 
presented in Table 1. 
Polyhouse Experiment 
A polyhouse experiment was conducted in fourty-two 
earthen-ware pots. For the pot experiment, the soil (1 Kg) 
was dried, crushed, sieved (100 mesh) treated with NPK 
(0.5 g each) followed by treating with varying 
concentrations of dimethoate (0.0, 2.5, 5.0, 10.0, 20.0, 
40.0 and 80.0 ppm) in the formulation of emulsifiable 
concentrate 30%. All the treatments were replicated three 
times. One kg of this fertilized soil treated with 
dimethoate was taken in each pot. These pots are 
designated as Dmo, Dmi, Dm2, Dms, Dm4, Dms and Dmj 
respectively in this paper. The soil in each pot was then 
wetted wi^ distilled water to about 60% of its water 
holding capacity. These pots were kept at 25 ± 3''C, 
maintaining required moisture level by adding distilled 
water. The treated samples were periodically withdrawn 
from the pot usiiig a soil sampler at intervals of 15 days, 
after which they were analysed for available nutrients on 
the basis of dry sample. The results are listed in Tables 2 
and 3. Simultaneously a wheat variety, PBW 343 
procured from the Quarsi Agricultural farm, Aligarh were 
sovm @ of ten seeds in a similar series of separate pots. 
After seed germination, the plants were grown for a total 
period of 90 days. The physiological parameters (seed 
germination, shoot length, root length, fresh shoot weight, 
dry shoot weight and number of tillers) were examined. 
The results are recorded in figure 1 and the growth pattern 
of wheat plant in the presence and absence of dimethoate 
is shown in figure2. 
Analytical Method 
Plants were removed from the pots, washed properly with 
distilled water, then dried, completely powdered and 
subjected to the determination of nutrients. About one 
gram of each plant sample was digested with 10 mi of 
acid mixture (Cone. HNO3 plus Cone. HCIO4, 4:1). The 
digested mixture was heated on hot plate until the 
evolution of brown fumes was ceased and the mixture is 
converted into a syrupy liquid along with the release of 
some white frames. The samples of the syrupy liquid were 
dissolved in 5 ml of cone. HCl, diluted with distilled 
water, filtered and the volume was adjusted to a 50 ml in 
each case. The solution so obtained was used for the 
estimation of available nutrients. The results are recorded 
in Table 4. The results shown in Tables 2, 3 and 4 were " 
subjected to statistical analysis and LSD values were 
calculated using the value oft at 5% level of significance 
[30]. 
RESULTS AND ANALYSIS 
The results obtained have been summarized in Tables 1-4 
and figures 1-2. The data given in Table 1 indicate that 
the soil used in this investigation was sandy loam (Sand 
70%). The lower contents of clay (10.38%) and organic 
matter (0.42%) are responsible for less intensive 
adsorption capability of the soil towards 
organophosphorus insecticide on its surface. The pH of 
the soil was found to be 7.2, which is fairly good for the 
survival of soil microorganisms and animals, which are 
responsible for the maintenance of soil fertility. The low 
electrical conductivity (0.45 dsm') of the soil is 
indicative of the presence of low soluble salt contents. 
However, the soil sample under study contains a 
considerable amount of available macronutrients (K, Ca, 
Mg and P) as well as micronutrients (Cu, Zn, Mn and Fe). 
Hence the soil is fairly good for the survival, of soil 
microorganisms and animals. 
Effect On Available Nutrients 
The data showing the infhience of dimethoate on 
available nutrients in fertilized soil are recorded in Tables 
2 and 3. Each datum in Table 2 for individual dose of 
dimethoate represent an average of seven observations 
noted on 01, 15, 30, 45, 60, 75 and 90 days after 
application of dimethoate. Similarly, each value presented 
in Table 3 for days represents the mean of seven values 
obtained at different doses, viz., 0.0, 2.5, 5.0, 10.0, 20.0, 
40.0 and 80.0 ppm of dimethoate. 
From the results of Tables 2 and 3 it is clear that the 
presence of dimethoate in the fertilized soil influences the 
availability of nutrients, which depend upon both the 
doses and duration of application of dimethoate. The 
available K and Ca contents were found to increase 
significantly upto 5.0 ppm and 45 days of dimethoate 
application. The availability of bodi K and Ca was found 
to decrease significantly on furtbCT increasing dimethoate 
dose (i.e. 10.0 - 80.0 ppm) or the duration (> 45 days) of 
dimethoate application. No regular effect on availability 
of Mg was observed (Tables 2 and 3). The observed 
initial increase in available K and Ca contents may be 
attributed to the enhanced sohiblization effect due to 
certain soil fungi and bacteria [14,15). Conversely, the 
decrease in K and Ca contents on increasing dimethoate 
dose and duration may be due to the fixation of K* and 
Ca^ ^ ions into non exchangeable sites of the clay lattice as 
well as reduction in soil microbial activity such as 
population of soil microorganisms, soil respiration, 
dehydrogenase activity and nitrogen fixation, which 
reduced the solublization effect [14,15,22,31]. 
As regards to P in fertilized soil, its availability was found 
to increase significantly with the application of 
dimethoate upto 5.0 ppm and at 30 days. However, at 
higher doses (10.0 to 80.0 ppm) or larger duration of 
application (e.g. >30 days) the availability of P is 
lowered. These results are in consonance with earlier 
findings [12,20] where it has been reported that the 
increase in available P with doses (upto 5 ppm) and days 
(upto 30) may be due to the decomposition of organic 
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matter and/or degradation of dimethoate due to 
hydrolysis. Conversely the decrease in available P with 
higher doses (10.0 to 80.0 ppm) and days (>30 days) may 
be due to the bacterial / chemical reduction of the 
phosphorus to phosphine [12] as shown below: 
H,P04 
2H 
-H5O 
HjPOj 2H 
-H,0 
HjPOj 411 
-2H2O 
PH, 
It is evident from Table 2 that the available Cu, Zn, Mn 
and Fe contents are increased sigiuficantly at the lower 
doses (2.5 to 10.0 ppm) of dimethoate application 
followed by a decreasing trend at higher doses (20.0 to 
80.0 ppm). Similarly the results presented in Table 3 
show an increase in available nutrients (viz., Cu, Zn, Mn 
and Fe) with the increase in incubation period upto 45 
days. However, a reversal trend i.e., decrease in available 
micronutrients was observed during 60-90 days. This 
behaviour of available micronutrients (Cu, Zn, Mn and 
Fe) in the soil is similar to that observed by Singhai et al., 
[14]. It seems that the application of dimethoate at lower 
dose and /or smaller duration promotes the biological and 
chemical activities of the soil which results in the increase 
of available micronutrients. However, at higher dose 
and/or longer duration the availability of micronutrients is 
diminished due to the toxic effect of dimethoate. 
Effect on growth and nutrients uptake 
Growth 
It is evident from figure 2, that the physiological 
parameters of wheat viz., seed germination increase (upto 
5.0 ppm), shoot length, root length, fresh shoot weight, 
dry shoot weight and number of tillers increases (upto 
lO.O ppm) of applied dimethoate in fertilized soil. The 
growth of wheat increases at lower doses (2.5 to 10.0 
ppm) and decreases at higher doses (2.0 to 8.00 ppm) as 
shown in figure I. 
Nutrients uptake 
From results listed in Table 4, it is evident that the uptake 
of nutrients (K, Ca, Cu, Zn, Mn and Fe) and (Mg and P) 
increase significantly upto 10.0 ppm and 5.0 ppm of 
dimethoate respectively. Further increase in dimethoate 
dose results in the decrease of available nutrients. 
The increase in growth patterns and nutrients uptake at 
lower doses of dimethoate might be due to the beneficial 
effect on Rhizobium spp.. Phosphate solublizing 
microorganisms and other soil microorganisms {12-15]. 
The inhibition effect on growth patterns and lowering of 
nutrients uptake at higher doses of dimethoate may be due 
to the increase in activity of nitrifying bacteria (viz., 
nitrosomonas and nitrobactor) for converting NH*4 - N to 
NO"j - N and NOj - N [11,32], mycorrhizal symbiosis 
responsible for altering the growth and adverse effect of 
soil microorganisms as discussed above. 
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BJIUilHHE ;^HMETOAA HA HEKOTOPBIE AOCTYDHBIE BEUHECTBA 
YAOBPEHHOH n O I B b I , BCXODKECTB CEMHH, P O C T H D O r j I O m E H H E 
B E i q E C T B nmEHHIl lEH {TRJTICUM AESTIVUM) 
A.MoxaMCA H A. MoxeMaii 
B craru paccMaTpHBaerci BJHUHHC pjaaeiom wa Hexoropue ;tocTynHue Bemecrsa yAo6peinioM HOMBU, BCxo;KecTb 
ceMXH, pocT M nornonieHHC BeioecTB imieHHiieS (Triticum aestivum). 
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Table 1. Physico-Chcmical Properties of Soil 
Parameters Values 
pH(l:5, Soil: Water) 
Electrical conductivity (dSm') (1:5, Soil: Water) 
Mechanical composition (%) 
Organic matter (%) 
Available nitrogen (ppm) 
Sand 
Silt 
Clay 
NHj 
NOJ 
NO2 
- N 
- N 
- N 
Available nutrients (ppm) 
Macronutrients 
Micronutrients 
Potassium (K) 
Calcium (Ca) 
Magnesium (Mg) 
Phosphorus (P) 
Copper (Cu) 
Zinc (Zn) 
Manganese (Mn) 
Iron (Fe) 
7.2 
0.4500 
70.00 
19.62 
10.38 
0.42 
55.5 
37.0 
11.0 
376.0 
3450 
1660 
44.4 
4.4 
1.3 
7.1 
9.6 
Table 2. Effect of dimethoate on available nutrients of fertilized soil with variation in its concentration 
Dose of 
dimethoate 
(ppm) 
0.0 
2.5 
5.0 
10.0 
20.0 
40.0 
80.0 
Code for 
dimethoate 
amended soil 
Dmo 
Dmi 
Dm2 
Dmj 
Dm4 
Dm5 
Dmc 
LSD at 5% level 
K 
405 
408 
432 
390 
368 
355 
330 
21.78 
Average values of available nutrients (ppm) 
Ca 
3258 
3441 
3586 
3228 
3209 
3096 
2916 
45.86 
Mg 
1690 
1690 
1668 
1655 
1612 
1584 
1659 
25.68 
P 
42.4 
49.0 
55.5 
51.0 
46.3 
45.3 
44.0 
4.44 
Cu 
4.2 
4.7 
4.7 
5.4 
4.5 
3.7 
3.5 
0.44 
Zn 
1.4 
1.4 
1.7 
2.1 
1.6 
1.1 
0.9 
0.16 
Mn 
8.0 
8.8 
9.4 
9.7 
7.9 
7.2 
6.6 
0.55 
Fe 
9.6 
11.4 
11.5 
13.2 
10.5 
8.8 
8.3 
1.51 
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Table 3. Effect of dimethoate on available nutrients of fertilized soil with variation in duration 
Days after application 
01 day 
15 days 
30 days 
45 days 
60 days 
75 days 
90 days 
LSD at 5% level 
K 
368 
394 
394 
428 
400 
359 
345 
23.77 
Ca 
3140 
3210 
3398 
3562 
3324 
3188 
3048 
27.15 
Average val 
Mg 
1621 
1648 
1660 
1670 
1660 
1660 
1610 
31.16 
ues of ava 
P 
45.5 
51.2 
59.0 
54.5 
47.6 
51.0 
42.0 
4.34 
ilable nutrients (ppm) 
Cu 
4.5 
4.5 
4.8 
4.8 
4.2 
3.5 
3.1 
0.18 
Zn 
1.2 
1.1 
1.2 
1.5 
1.3 
1.1 
1.0 
0.20 
Mn 
7.4 
7.9 
9.0 
10.0 
8.6 
8.0 
6.8 
0.96 
Fe 
9.6 
11.5 
12.0 
13.0 
11.0 
8.4 
7.9 
1.89 
Table 4. Effect of dimethoate on the nutrients uptake by wheat (Triticum aestivum) 
Nutrients uptake* 
Dose of 
dimethoate 
(ppm) 
0.0 
2.5 
5.0 
10.0 
20.0 
40.0 
80.0 
Code for 
dimethoate 
amended soil 
Dmo 
Dm, 
D m j 
Dm3 
Dm4 
Dms 
Dms 
LSD at 5% level 
K 
0.97 
1.15 
1.30 
1.55 
1.40 
0.62 
0.57 
0.16 
(ppmx 
Ca 
0.60 
0.67 
0.75 
0.91 
0.77 
0.45 
0.39 
0.05 
lO*) 
Mg 
0.37 
0.44 
0.59 
0.52 
0.43 
0.18 
0.12 
0.05 
P 
0.15 
0.19 
0.25 
0.23 
0.16 
0.12 
0.11 
0.03 
Cu 
8.3 
10.0 
13.3 
13.3 
8.3 
5.0 
3.3 
1.7 
(ppm) 
Zn 
13.0 
14.0 
16.6 
19.0 
12.0 
4.0 
2.8 
2.0 
Mn 
51.0 
56.5 
62.0 
65.6 
59.0 
28.0 
23.0 
5.0 
Fe 
110.0 
128.0 
145.5 
157.0 
130.0 
67.0 
53.0 
11.8 
Values are mean of three replicates 
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Fig. 1. Effect ofdimethoate on the growth (shoot and root) 
of wheat (Triticum aestivum) 
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Fig. 2. Ejfect of dimethoate on the physiological 
parameters of wheat (Triticiim aestivum) 
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Fig. 2. Effect of nickel on the physiological parameters of sunflower (Helianthus 
annuus) plant 
|-»-SG - • -NL-* -SL-»*-RL-»^ SWI-«-SWd 
. Percent inhibition of growth as a function of applied 
cadmium concentration on chilli (Capsicum 
frutescens) plant 
. Percent inhibition of growth as a function of applied 
nickel concentration on sunflower {Helianthus 
annuus) plant 
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Fig. 5. Effect of applied cadmium and nicWe concentration 
and their uptake by Plants 
stability constant for metal ligand complexes and 
the total molar concentration of metal. The K, Ca, 
Mg, Cu, Zn, Mn and Fe in sunflower plant 
competed the Ni at lower concentration (75 to 150 
ppm) and become more selective for orgaiuc ligands 
to cause their increase in plants. While Cd 
throughout the entire range (75 to 600 ppm) and Ni 
at higher concentration (300 to 600 ppm) the 
selectivity of the metal nutrients complexation 
decreases and caused a reduction in their utilization 
by the plants and has resulted in their stunt growth. 
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